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EXECUTIVE SUMMARY

This work plan describes and establishes a program for the charactenization of background soils
for the Rocky Flats Plant (RFP) The plan describes how data representative of RFP
background 1n soils will be collected and analyzed using a number of statistical techniques
Background soil information will provide baseline data for other environmental programs that
monitor for potential contaminant releases

Development of this work plan followed the U S Environmental Protection Agency’s (EPA’s)
data quality objectives (DQOs) process and included a detailed review and analysis of existing
nvestigations Previous investigations were reviewed and documented to aid in the 1dentification
of data needs and to guide development of a sampling design plan Two data needs were
identified which 1nclude (1) additional background surface soil information, and (2) background
so1l profile information

For surface soils, an exploratory data analysis (EDA) was performed to provide a rationale for
the spatial distribution and number of sampling locations The EDA resulted 1n the following
conclusions

¢ For fallout radionuclides, a remote (off-site) sampling program at locations along the
Colorado Front Range physically similar to RFP 1s appropriate to characterize
background conditions 1n surface soils The analysis indicated that approximately
50 samples were necessary to adequately charactenze background for fallout
radionuclides

¢  For naturally-occurring radionuclides, metals, and semivolatile organic compounds,
a sampling program 1n the vicinity of the Rock Creek Drainage north of RFP 1s
approprnate to augment existing background surface soil data The analysis indicated
that approximately 20 additional samples were appropriate to charactenze
background for these constituents

P \EGG-RFP\Area8\859\WPText\Exec BKG (October 4, 1994)
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With regard to soil profiles, the need for additional data in background areas was identified to
provide the following information

¢ Distnibution of analytes in genetic horizons
¢  Physical/chemical/mineralogical/biological parameters 1n genetic horizons
* Soil ecological and pedological data

Quality assurance (QA) measures and procedures for analysis and reporting of the information
collected have been documented 1n this work plan As set forth 1n this work plan, field sampling
1s currently scheduled to begin 1n May, 1994 A final report for the surface soil sampling
program will be produced during Summer, 1995 and a final report for the soil profile program
will be produced during Fall, 1995

P \EGG-RFP\Area8\859\WPText\Exec BKG (October 4, 1994)
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1.0 INTRODUCTION

This work plan describes the staged development of the Rocky Flats Plant (RFP) Background
Soils Charactenization Program (BSCP) The work plan contains nine sections Introduction,
Physical Setting, Previous Investigations, Data Quality Objectives (DQOs), Field Sampling Plan,
Data Interpretation and Reporting, Quality Assurance (QA) Addendum, Schedule, and
Bibliography

1.1 BACKGROUND

RFP 1s a government-owned, contractor-operated facility, and was part of the nationwide nuclear
weapons production complex

The historical mission of RFP was to fabricate nuclear weapons components from plutonium,
uranium, and nonradioactive metals (principally beryllium and stainless steel) Additionally, the
plant reprocessed plutomum that was removed from obsolete weapons Both radioactive and
nonradioactive wastes were generated at the plant Present waste-handling practices involve
recycling of hazardous matenals, on-site storage of hazardous, radioactive, and mixed wastes,
as well as off-site disposal of radioactive materials Preliminary assessments under the
Environmental Restoration (ER) Program 1dentified some of the past on-site storage and disposal
locations as potential sources of environmental contamination

RFP 1s 1n transition from a weapons production site to an environmental and waste management
site  The activities underway at RFP are consistent with down-sizing and consolidation of the
DOE weapons complex A Transition Team consisting of EG&G Rocky Flats, Inc (EG&G)
and U S Department of Energy (DOE) personnel 1s leading these efforts

The RFP ER Program 1s part of the national DOE ER Program, which was established to
remediate 1nactive waste sites at DOE facilities The DOE ER Program 1s mandated to
remediate waste sites in compliance with environmental laws and regulations, while maintaining
human health and safety as well as protecting the environment Specifically, the program

P \EGG-RFP\AreaB8\859\WPText\Sec-1.BKG (October 5, 1994)
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includes site 1dentification and characterization, remedial design and remedial action, and post-
closure activities such as monitoring and field inspections at inactive radioactive, hazardous, and
mixed-waste sites  This task directly supports the ER Program by providing baseline
information for these activities

1.2 PURPOSE

The purpose of this plan 1s to establish a program for the characterization of selected background
so1l parameters at RFP The plan describes how data representative of RFP background will be
collected and analyzed Reasons for implementing the RFP BSCP follow

e Background soil data will provide a baseline against which soil data for Resource
Conservation and Recovery Act (RCRA) Facility Investigation (RFI)/Comprehensive
Environmental Response, Compensation and Liability Act (CERCLA) Remedial
Investigation (RI) may be compared for i1dentifying contamination at RFP operable
units (OUs) These data may also be used in establhishing reasonable remediation
goals and justifying a waiver for complying with Applicable or Relevant and
Appropriate Requirements (ARARs) and to provide a benchmark in assessing
environmental and human health nsks due to contamination at RFP

e The BSCP 1s a requirement of the RFP Interagency Agreement (IAG), a legal
agreement between the State of Colorado, represented by the Colorado Department
of Health (CDH), U S Environmental Protection Agency (EPA), and the DOE

e The BSCP contributes to the geochemical characterization of the RFP site as
mandated by DOE Order 5400 1

e Background soil chemistry and physical properties data will supplement other site-

wide so1l characterization studies and provide a baseline for other environmental
programs that monitor for potential contaminant releases

P \EGG-RFP\Area8\859\WPText\Sec-1 BKG (October 5, 1994)
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For the purposes of the BSCP, the term "background" must be defined The EPA definitions
(EPA, 1989a) are (1) "natural background" - ambient concentrations of chemicals present in
the environment uninfluenced by human activities, and (2) "anthropogenic background" -
concentrations of chemicals consistently present in the environment because of human-made,
non-site-specific sources (1 € wide spread agriculture practices, automobiles, world-wide fallout
levels, etc) To distinguish contaminants that were produced by activities at RFP from
contaminants present due to widespread human contamination, anthropogenic background will
be used to define "background” 1n this study Background soil chemistry may be influenced by
non-RFP anthropogenic sources These anthropogenic background sources have been considered
in the Field Sampling Plan (Section 5 0)

Because previous 1nvestigations have not adequately delineated or characterized background soil
conditions, additional charactenization 1s needed for the following reasons

* Historic background data collection prior to 1990 focused primanly on plutonium
Some of those historic sampling efforts may not have used consistent sampling
methodologies useful for establishing a background database needed for
RCRA/CERCLA decisions regarding plutonium contamination at the RFP In
addition to plutomum data, background data 1s needed for other potential
contaminants of concern

e Currently, a clustered data set of sample locations within the RFP buffer zone 1n the
Rock Creek drainage (the Rock Creek data set) 1s bemng used for OU
RCRA/CERCLA decisions regarding background surface soil data An exploratory
data analysis (EDA) of all available histonic data 1n and around RFP, discussed 1n
Section 4 3 of this work plan, indicates that data are not sufficient to determine 1f
the Rock Creek data set 1s located 1n an area unaffected by the RFP for plutonium
Although the EDA 1ndicates that the Rock Creek surface soils data set 1s located 1n
an area unaffected by RFP for other potential contaminants of concern, an additional
mmmum of 17 samples needs to be collected to augment that data set for non-
plutonium analytes

P \EGG-RFP\Area8\859\WPText\Sec-1 BKG (October 5, 1994)
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® Correspondence among DOE, CDH, EPA, and EG&G has indicated the need for
off-site sampling of surface soils

® Chemical, physical, and mineralogical characterization of soil horizons 1n major soil
groups has not been investigated 1n previous background soil characterization efforts
This information supports ongoing site-wide soils characterization studies (Litaor,
1993a)

Two unique studies will be conducted under this plan to characternize RFP background soils
Chemucal characterization of the top five centimeters (cm) [two inches (1n)] of soil in undisturbed
areas 1s necessary to support RCRA/CERCLA decisions Chemucal, physical, and mineralogical
charactenization of the upper 1 2 meters (m) [3 9 feet (ft)] of soil matenal 1n undisturbed areas
supports sitewide soils characterization efforts These two studies of RFP background soils
supplement previous background charactenizations of groundwater, surface water, sediment, and
geologic matenials (EG&G, 1993a)

P \EGG-RFP\Area8\859\WPText\Sec-1 BKG (October 5, 1994)




ENVIRONMENTAL RESTORATION PROGRAM Manual Number RFP/ERM-94-00022
Background Sotls Characterization Section 2 0 Physical Setting, Rev 0
Work Plan FY94 Page 1of 19

2.0 PHYSICAL SETTING

An understanding of the overall physical setting of RFP and adjacent environs 1s important to
successful project scoping and implementation RFP 1s located 1n northern Jefferson County,
Colorado, approximately 26 kilometers (km) [16 miles (m1)] northwest of Denver (Figure 2-1)

Other surrounding cities include Arvada, Boulder, and Westminster, which are located less than
16 km (10 m1) to the southeast, northwest, and east, respecuvely RFP consists of
approximately 2650 hectares (ha) (6,550 acres) of federally owned land 1n Sections 1 through
4 and 9 through 15 of T2S, R70W, 6th Principal Menidian Major buildings are located within
the RFP security area of approximately 162 ha (400 acres) The secunty area 1s surrounded by
a buffer zone of approximately 2,490 ha (6,150 acres) (Figure 2-2)

The remainder of this section presents a discussion of the following elements of the site physical
setting

Topography

Surface Water Hydrology
Geology

Hydrogeology

Meteorology and Climatology
Sitewide Soils

2.1 TOPOGRAPHY

The natural environment of RFP and vicinity 1s influenced pnmanly by its proximity to the
Front Range of the Rocky Mountains RFP 1s directly east of the north-south trending Front
Range, and 1s located about 26 km (16 m1) east of the Continental Divide at an elevation of
approximately 1,830 m (6,000 ft) above mean sea level RFP 1s located on a broad, eastward
sloping plain of coalescing alluvial fans developed along the Front Range The fans extend
about eight km (five mi1) 1n an eastward direction from their origin at Coal Creek Canyon and
terminate on the east at a break 1n slope to low rolling hills The operational area at the RFP

P \EGG-RFP\Area8\859\WPText\Sec-2 BKG (October &4, 1994)
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1s located near the eastern edge of the fans on a terrace between stream-cut valleys (North
Walnut Creek and Woman Creek)

2.2 SURFACE WATER HYDROLOGY

Three intermittent streams drain RFP with flow generally from west to east These drainages
are Rock Creek, Walnut Creek, and Woman Creek (Figure 2-2) Rock Creek drains the
northwestern corner of the RFP and flows northeast through the buffer zone to its off-site
confluence with Coal Creek An east-west trending interfluve separates the Walnut Creek and
Woman Creek drainages North and South Walnut Creeks and an unnamed tributary drain the
northern portion of the RFP secunity area These three forks of Walnut Creek join 1n the buffer
zone and flow toward Great Western Reservoir, which 1s approximately 1 6 km (one mi) east
of the confluence However, this flow 1s routed around Great Western Reservoir by the
Broomfield Diversion Canal, which 1s operated by the City of Broomfield Woman Creek drains
the southern RFP buffer zone flowing eastward The Woman Creek flow 1s diverted onsite to
Mower Reservoir via the Mower Ditch The South Interceptor Ditch lies between RFP and
Woman Creek The South Interceptor Datch collects runoff from the southern RFP security area
and diverts 1t to Pond C-2 where 1t 1s monitored, treated and then pumped to the Walnut Creek
watershed where 1t 1s released to the Broomfield Diversion Canal

2.3 GEOLOGY

Geologic units beneath RFP consist of unconsolidated surficial units of Quaternary age (Rocky
Flats Alluvium, various terrace alluvia, valley fill alluvium, and colluvium), which
unconformably overlie Cretaceous-aged bedrock (Arapahoe Formation, Laramie Formation, and
Fox Hills Sandstone) (Figure 2-3) This geologic sequence forms part of a monoclinal fold
whose western edge 1s composed of uplifted strata of Mesozoic age that become younger to the
east Figure 2-4a and 2-4b shows the surficial geology of the RFP (EG&G, 1992) and Figure
2-5 depicts the erosional surfaces and alluvial deposits 1n cross-section

P \EGG-RFP\Area8\859\WPText\Sec-2 BKG (October 4, 1994)
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2.4 HYDROGEOLOGY

Two groundwater flow systems are distinguished in the current conceptual model of the
subsurface hydrology of RFP The upper flow system 1s unconfined and lies within the Rocky
Flats Alluvium, colluvium, valley-fill alluvium, and weathered bedrock The lower flow system
1s confined within unweathered bedrock sandstones of the lower Arapahoe and upper Laramie
Formations The two flow systems are probably in hydraulic connection where bedrock
sandstone subcrops under surficial materials Recharge to the unconfined flow system 1s from
precipitation, snowmelt, and water losses from ditches, streams, and ponds Groundwater
movement 1n both flow systems 1s generally from west to east

Groundwater levels 1n the upper flow system rise 1n response to recharge during the spring and
decline duning the remainder of the year Dunng periods of high surface water flow, water 1s
lost to bank storage 1n the valley-fill alluvium and returns to the stream after the runoff subsides

In the western portion of RFP, where the thickness of the alluvial material 1s greatest, the depth
to the water table 1s 15 to 21 m (50 to 70 ft) below the surface The water table becomes
shallower to the east (with local variations) as the alluvial material thins

2.5 METEOROLOGY AND CLIMATOLOGY

The area surrounding RFP has a semiand chimate charactenstic of much of the central Rocky
Mountain region Approximately 40 percent of the 38 cm (15 in) annual precipitation falls
during the spring season, much of 1t as snow Thunderstorms (June to August) account for an
additional 30 percent of the annual precipitation Autumn and winter are drier seasons,
accounting for 19 and 11 percent of the annual precipitation, respectively Snowfall averages
85 inches per year, faling from October through May (DOE, 1980) Temperatures are
moderate, extremely warm and cold weather 1s usually of short duration On the average, daily
summer temperatures range from 13 degrees Celsius (13° C) to 29° C [55° Fahrenhext (55° F)
to 85° F], and winter temperatures range from -6 7° to 7 2°C (20° to 45°F) The low average
relative humidity (46 percent) 1s due to the moisture-blocking effect of the Rocky Mountains
Wind, temperature, and precipitation data are collected on the plant site and summarized

P \EGG-RFP\Area8\859\WPText\Sec-2 BKG (October &4, 1994)
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annually Figure 2-6 1llustrates a typical annual summary of wind velocity and frequencies
occurring at the RFP  Winds at the RFP are predominantly northwesterly Winds greater than
three meters per second (m/s) [6 7 miles per hour (mph)] with easterly components occur with
a low frequency

Special attention has been focused on dispersion meteorology surrounding the plant due to the
possibility that significant atmospheric releases might affect the Denver metropolitan area,
located 1n the predominant downwind direction (southeast) Studies of air flow and dispersion
charactenistics (e g , Hodgin, 1983, 1984) indicate that drainage flows from the mountains to
the west, turns and moves toward the north and northeast along the South Platte River valley and
passes to the west and north of Brighton, Colorado (DOE, 1980), which 1s just north of Denver

2.6 SITEWIDE SOILS

Soils of the RFP site occur in a predictable pattern related to geologic parent matenals,
geomorphic landforms, relief, chmate, and natural vegetation Recognizing the relationships
between types of soils and particular types of landscapes or segments of landscapes over a broad
region that surrounds the RFP site area, the United States Department of Agriculture (USDA)
Soil Conservation Service (SCS) developed map unit models on aerial photographs to reasonably
predict the kinds of soils 1n an area The boundaries of the map units were refined and the map
unit models tested by digging test pits and recording the charactenstics of the soil profiles
studied

A soil can be taxonomically classified, based on a particular set of soil properties (such as
number and size of clasts, particle size distribution, acidity, distribution of plant roots, structure
of soil aggregates, etc ) and the arrangement of honzons within the soil profile The soil
taxonomic system 1s hierarchical, enabling categorization into increasingly greater detail The
so1l taxonomic system 1n increasing level of detail 1s order, suborder, great group, subgroup,
and senes Figure 2-7 1llustrates the SCS soil map umts at the soil senes level Figure 2-8
illustrates soils at the subgroup level, modified by particle size and depth class

P \EGG-RFP\Area8\859\WPText\Sec-2 BKG (October 4, 1994)
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Soil series within a landscape type at RFP are similar at the subgroup level Soils of the RFP
site are forming 1n association with the following four general landscape types and geologic map
units

e Pediment soils located on the broad, dissected, eastward sloping pediment
surface 1n the western portion of the site  These soils are associated with the
Rocky Flats Alluvium geologic map umt (Qrf)

® Valley slope soils located 1n the stream-cut valleys of the intermittent
Rock Creek, Walnut Creek, and Woman Creek drainages These are
associated with the Laramie Formation (K1), Arapahoe Formation (Ka),
and Landshide (Qls) geologic map units

e  Hill soils of the eastern third of RFP These soils are similar to Valley Slope
soils and are associated with the Laramie (K1) and Arapahoe (Ka)
Formations Localized areas on hill summits are associated with Terrace
Alluvium (Qta)

® Drainage bottom soils These soils are forming 1n recent alluvium (Qa) along
drainage bottoms

Each of these landscape- and geology-associated soils are discussed and summanzed in the
following subsections

2.6.1 Pediment Soils

The gently sloping (five percent slope or less) pediment surface 1s dominated by the deep, well
drained, Flatirons soil series with a minor inclusion of the Valmont so1l senies occurning in the
northeast corner of RFP, These soils are strongly developed soils that are forming 1n the Rocky
Flats Alluvium (Qrf), the oldest and highest Pleistocene alluvium 1n the Denver area Rocky
Flats Alluvium was formed by a series of coalescing alluvial fans deposited by braided streams

P \EGG-RFP\Area8\859\WPText\Sec-2 BKG (October 4, 1994)
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onginating from the mouth of Coal Creek Canyon approximately five miles west of the RFP
site

Typically, the Flatirons soils (clayey-skeletal Andic Paleustolls) have a very cobbly, dark-brown
surface horizon (A honizon), approximately 33 cm (13 1n) thick, overlymng a very gravelly, clay-
nich, reddish-brown to dark red argillic horizon (Bt horizon) The Bt honzon 1s 76 to 150 cm
(30 to 60 1n) thick 1n the western portion of RFP, thinning to about 30 cm (12 1n) thick at the
eastern extent of the Flatirons soil A discontinuous, calcium rich K honzon (caliche) underlies
the Bt horizon 1n places The Flatirons so1l extends to a depth of 150 cm (60 1n) or greater As
much as 15 percent of the pediment surface may be made up of inclusions of soils other than
the Flatirons soils or disturbed land

Soils forming on a distal reach of the Rocky Flats Alluvium pediment 1n the northeastern corner
of the plant are of the Valmont series The Valmont soils (loamy-skeletal, Andic Argiustolls)
are similar to the Nederland senes described 1n Section 2 6 2

2.6.2 Valley Slope Soils

Valley slopes include downslope mass movements of rocky material from the pediment surface
and fine-textured matenial from the underlying claystone, siltstone, and sandstone bedrock of the
Arapahoe (Ka) and Laramie (K1) Formations, which have been exposed by stream cutting
processes

Soils forming 1n colluvium along the relatively narrow band of steep (15- to 60-percent slopes)
upper portions of the valley slopes are mapped predominantly as the deep, well drained
Nederland series  Nederland soils (loamy-skeletal Andic Arguustolls) typically occur 1n
colluvium or landshde deposits that are dominated by clast-rich materials from the Rocky Flats
Alluvium  Nederland soils are similar to Flatirons soils, however, Nederland soils generally
have less clay in the soi1l matrix and are not typically underlain by a calcium-rich lower horizon

P \EGG-RFP\AreaB8\859\WPText\Sec-2 BKG (October 4, 1994)
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Soils forming 1n colluvium and landslide deposits below the shoulder of the pediment escarpment
(9- to 25-percent slopes) are mapped as the Denver-Kutch-Midway complex Denver soils (fine,
Torrertic Argiustolls) are deep, well-drained, fine textured soils Typically, the A horizon 1s
a grayish-brown clay loam, 15 to 36 cm (6 to 14 in) The argillic Bt hornizon 1s a clay, 15 to
36 cm (6 to 14 1n) thick A calcium-rich and clay-rich K horizon extends to depths of 150 cm
(60 1n) or greater Kutch soils (fine, Torrertic Argiustolls, moderately deep) are similar to
Denver soils, however, the depth of Kutch soils 1s between 51 and 102 cm (20 and 40 1n), to
a contact with weathered claystone bedrock Midway soils (clayey, shallow, Ustic Torrorthents)
are formed where claystone bedrock 1s exposed or very near the surface Midway soils are
weakly developed soils of the soil order Entisol Midway soils typically have a thin A horizon,
usually 7 6 cm (three 1n) or less thick and a total depth to weathered bedrock of less than 51 cm
(20 1n)

Included 1n the Denver-Kutch-Midway complex and 1n the Nederland map unit are other soils
that may make up as much as 15 percent of each map umit Some of these inclusions may be
composed of wet soils associated with seeps and springs located on the valley slopes

2.6.3 Hill Soils

For the most part, hill soils are stmilar to valley slope soils described earlier These soils are
forming on the hill-like terrace summits, and the slopes, fans, and ndges of the rolling
topography 1n the eastern third of the plant site 1n Laramie (K1) and Arapahoe (Ka) Formations
and 1n small areas of Terrace Alluvium (Qta)

Soils forming on the hill-hike terrace summuts (0- to 5-percent slopes) in the southeastern portion
of RFP are of the Nunn series and the Standley series Nunn soils (fine, Andic Argiustolls) are
similar to Denver soils (fine, Torrertic Argiustolls) except that the Torrertic subgroup (Denver)
has a more pronounced shrinking and swelling capability than the Andic subgroup Standley
soils are similar to Nunn soils (fine, Anidic Argiustolls), however, the Standley soils contain
more gravel than Nunn soils

P \EGG-RFP\Area8\B859\WPText\Sec-2 BKG (October 4, 1994)
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Soils forming on the upper hill slopes (5- to 15-percent slopes) of the southeastern corner are
Denver-Kutch soils described earhier

Sotls forming on hill slopes (15- to 50-percent slopes) of the northeastern corner of the plant are
of the Leyden-Primen-Standley complex, which 1s analogous to the Denver-Kutch-Midway
complex The Leyden-Primen-Standley complex 1s of the Arnidic subgroup of Argiustolls and
therefore have less pronounced shrinking and swelling capabilities than the Torrertic subgroup
of the Denver-Kutch-Midway complex

2.6.4 Drainage Bottom Soils

Drainage bottom soils forming 1n loamy, stratified alluvium from mixed sources 1n floodplains
(0- to 3-percent slopes) are predominantly the Haverson series Haverson so1ls (fine-loamy Ustic
Tornfluvents) are deep, well-drained, weakly developed soils of the order Entisol Typically,
the Haverson soil has a thin A honizon, 15 cm (6 1n) thick, overlying a stratified clay loam and
gravelly loam about 102 cm (40 1n) thick Below that may be a layer of stratified, very gravelly
loamy sand to a depth of 150 cm (60 1n) or more

Soils forming 1n poorly drained areas on valley floors and 1n floodplains are the McClave senes
McClave soils (fine-loamy, Cumulic Haplaquolls) are deep, somewhat poorly drained "wet" soils
of the order Mollisol Typically, the surface-layer A horizons are dark-brown clay loams, about
30 to 36 cm (12 to 14 1n) thick The next honzon 1s a brown clay loam [to a depth of 107 cm
(42 1n)], which exhibits color mottling due to alternating oxidizing and reducing conditions The
substratum 1s a brown, sandy clay loam [to 150 cm (60 1n) or greater], which also exhibits
mottling

Soils forming 1in well-drained stream terraces shghtly higher than the floodplain are the
Englewood series The Englewood soils (fine, Torrertic Argiustolls) are similar to Denver soils

Included with the drainage bottom soils are soils similar to McClave, Englewood, and Haverson
soils, but which have greater than 35-percent rock fragments 1n the soil layers

P \EGG-RFP\Area8\859\WPText\Sec-2 BKG (October 4, 1994)
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2.6.5 Soil Summary

Table 2-1 summarnizes the soil series and taxonomic classifications with their associated
landscape types and geologic formations A comparison between the geologic map and Figure
2-7 1llustrates the association between soils at the subgroup level and geologic map units, this
association will be utilized to describe the sampling design outlined 1n Subsection 5 2

P \EGG-RFP\Area8\859\WPText\Sec-2 BKG (October 4, 1994}
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3.0 PREVIOUS INVESTIGATIONS

Numerous investigations have been conducted to characterize environmental media and assess
the extent of radiological and chemical contaminant releases to the environment Results from
these studies (1 e , chemical data) were compiled to gain knowledge regarding radiological and
chemical vanabihity for background areas in the general region of RFP

Data from previous investigations were used for the following purposes

¢ To provide an understanding of contaminant release and distribution patterns at RFP
¢ To help 1dentify potential data gaps
¢ To aid 1n designing the sampling plan

This section summarizes the information from previous investigations for each of the BSCP
analyte groups of interest (radionuchdes, metals, semivolatile organic compounds, and soil
profile data) and discusses surface soil sampling methodologies  Table 3-1 presents a
compilation of previous investigations obtained to date for radionuclides, metals, and organic
compounds

3.1 RADIONUCLIDES

This section summarizes data evaluated from previous investigations for radionuclides 1n soils
The radionuchides of interest to the BSCP include those radionuclides which were produced as
a result of activities at RFP, certain of the "daughter” or decay products of those radionuclides,
and other radionuchdes, such as *’Cesium (Cs) Regional studies and site-specific studies
related to the potential influence from RFP have been compiled and are presented in Table 3-1
Appendix A presents spatial information relative to these previous studies
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ENVIRONMENTAL RESTORATION PROGRAM

Background Soils Charactenization

Work Plan FY94

Manual Number
Section
Page

RFP/ERM-94-00022

3 0 Previous Investigations, Rev 0

2 of 25

TABLE 3-1

SUMMARY OF PREVIOUS INVESTIGATIONS

(1987)

STUDY DATA TYPE OBJECTIVE POTENTIAL DATA USE

Lowder et al (1964) U, Th Determine natural radioactivity in | Interpretation of BSCP soil data
sotls against regional values

Krey and Hardy (1970) Pu Quantify Pu inventory on-site and | Used for exploratory data
off-site, define maximum analysis (Section 4 3)
distances from plant at which
RFP Pu could be detected

Seed et al (1971) Pu Assess the long-term potential Used for exploratory data
hazard of Pu-contaminated soil analysis
under and around the 903 Pad at
RFP

Poet and Martell (1972) Pu, Sr, Am Determine extent of Pu 1n souls, Used for exploratory data
surface waters and sediments 1n analysis
off-site areas surrounding RFP

Loser and Tibbals (1972} Pu Analyze areal extent of Pu east of | Used for exploratory data
Indiana Avenue analysis

Michels Pu, Cs Relate depositional processes to Interpretation of BSCP soil data
geographical fallout patterns n against regional values
the U S Great Plains

Hardy (1976) Pu, Cs Determine deposition patterns Interpretation of BSCP soil data
from detonations conducted at the | against regional values
Nevada Test Site (NTS)

Ilisley and Hume (1979) Pu Answer claims against RFP Used for exploratory data
claiming radionuclide depositions | analysis
from RFP on adjacent lands
caused these lands to be unfit for
human habitation and use

Perkins and Thomas (1980) radionuchdes Synthesize research literature Interpretation of BSCP soul data

against regional values

Mynick et al (1983) Ra, Th, U Determine background Interpretation of BSCP soil data
concentrations 1n surface soils against regional values

Shacklette and Boerngen metals, U, Sr, Identify concentrations in Interpretation of BSCP so1l data

(1984) Th surficial soils of the conterminous | against regional values
U S, geographical vanations

Eisenbud (1987) radionuclides Provide overview of Interpretation of BSCP soil data
environmental radioactivity, agamnst regional values
synthesis of research literature

ORNL - Holleman et al Pu Synthesis of Iiterature for Interpretation of BSCP soil data

worldwide fallout levels

against regional values

Dragun (1988)

metals, semi-
volatiles

Synthesis of research hiterature

Interpretation of BSCP soil data
aganst regional values
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TABLE 3-1 (CONCLUDED)

SUMMARY OF PREVIOUS INVESTIGATIONS

I STUDY DATA TYPE OBJECTIVE POTENTIAL DATA USE I
McArthur and Muiller (1989) | Pu, Cs, Th, U, | Collect data to help esimate Interpretation of BSCP soil data
K population doses of radiation against regional values
from fallout originating at the
Nevada Test Site (NTS)
Lawton (1989) Pu Determine background levels, Interpretation of BSCP soul data
sausfy requirements for RFP ER agamnst regional values
Program for background
charactenization
Purtymun et al (1990) Pu Examne vanations in Pu Interpretation of BSCP soil data
concentrations and ratios agamnst regional values
resulung from fallout 1n soils and
i niver and reservoir sediments
1n northern New Mexico and
southern Colorado
Western Technologies, Inc Pu Ensure public, worker and Used for exploratory data
(1991) customer safety by analyzing analysis
surface sous on land located on
the RFP west buffer zone where
future sand and gravel mining 1s
proposed
CDH - Terry (1991) Pu, U, Cs Support the existing body of Used for exploratory data
conclusions that 2%29py analysis, Interpretation of
concentrations 1ncrease as the BSCP soil data against regional
RFP site 1s approached, values
demonstrate that concentrations
are changing over time, and fill
m gaps 1n the body of data
Kabata-Pendias and Pendias | metals, trace Synthesisze global values from Interpretation of BSCP soil data
(1992) elements Iiterature review agamnst regional values
C S U Radioecology Group | Pu, Am, Cs, Analyze levels from background Interpretation of BSCP soil data
(1993) Ra plots predommantly upwind aganst regional values
(west) of RFP
Litaor (1993b) Pu Geostatistical approach to a Used for exploratory data
spatial analysis of Pu activity n analysis
the souls east of RFP
Litaor (1993a) Pu Using soil pits, assess the fate Used for exploratory data
and transport of actinides 1n soil analysis
downwind of contaminated arcas
at RFP
OU1, OU2, 0U3, OoUs, radionuchdes, Determine on-site contamination Used for exploratory data
oue6, OU7, Environmental metals, semi- levels analysis
Monitoring and Assessment volatiles
Division, Project Task 6
w
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Radionuclhides found 1n background soils (1 e soils in areas not influenced by RFP or other site-
specific sources) are present either because they are derived from natural materials in the earth’s
crust, or because they have been distributed by nuclear weapons fallout over the earth’s surface
The fallout radionuclides group includes #**®Plutonium (Pu), ! Amenicium (Am), *’Cs, and
$9/%Strontium (Sr) The naturally occurnng radionuchdes group includes **#*Uramum (U),
35y, 2!y, 2Radium (Ra), and ®Ra  Table 3-2 provides ranges of radionuchide soil
concentrations, other than Pu, from regional investigations, and Table 3-3 provides those ranges
for investigations at or nearby RFP

Pu 1s the focus of the following discussion because 1t 1s a contaminant of concern at RFP and
1s an indicator of a group of radionuclides present 1n soils due to fallout A summary of the
ranges of 2%%%Py concentrations, as determined from regional studies [1 € , not within 6 2 km
(10 m1) of RFP] 1s presented in Table 3-4 The vanability of the #*?*%Py concentrations from
these studies 1s 1llustrated in Figure 3-1

Significant vaniability 1n the distribution of anthropogenic radionuclide concentrations 1s found
in the environment This vanability has been attributed to regional and local meteorological
conditions and topographical features of the earth’s surface (Perkins and Thomas, 1980, and
Purtyman, et al , 1990) Perkins and Thomas (1980) indicated that weather patterns may
influence the movement, dispersion, and ultimate deposition of radioactive debns Uneven
distribution of fallout on the earth’s surface also can be caused by rain and snow scavenging of
radioactive particles Topography affects the deposition of fallout Perkins and Thomas (1980)
have shown that as air masses move west to east across the United States and are orographically
hifted over mountain ranges, the fallout radionuclide concentration deposited on the ground may
increase on the downwind side due to the downwind mixing of high-level air containing elevated
concentrations of both airborne anthropogenic and cosmogenic radionuclides Measurements on
the downwind sides of both the Cascade Mountain Range and the Rocky Mountains have
demonstrated this effect (Perkins and Thomas, 1980)

P \EGG-RFP\Area8\859\WPText\Sec-3 BKG (October 4, 1994)




111 2-£9e1\s9)1qe1\1x31dM\658\8234V\d1d4-993\ d

Work Plan FY94

STIOS AOVAUNS NI SHAI'TDANOIAVY JO SNOLLVIINIINOD TVNOIOTA

¢ AT14VL

o
m w m sa[eys Aseyuowipog (L861) pnquasiy 80 1 VIN
o O
3 .“. N ssuojspues Asejuouripeg L861) pnquesig IL0 VIN
L g
R oos snosud] (L361) pnquasiy €1 VIN
oy
m 2 opd s3urpiey [N (L361) pnquasig 082 000°1 - 0§
>
rm_ flog (€861) Te 10 Youkp 6L 0
m Yidop wo 9 ‘sajdures z¢ ‘opeiojo) (€861) 1B WPUAN | TT1-/+ 1 YE-8FO
1 3
Fu Yidop wo g ‘sojdures Lzg ‘(sorers gg) sarmIS panun (€861) 8P YUKW | 8p0-/+ 11 Tv-€20
o
O sadeoae ppaog (€861) 1® 10 Youkp 6L0 861-6v0
£
3 g 2
4 It
ER: Yadop wo g ‘ajelg eURISINOT] (ze61) S98% T - OLTO 0
g m m SBIpUS{ pue Selpusd-eieqey VIN
= & A
Kanals
ww z ‘ydop wo p9 0-0 ‘6861 ‘SANIUNUNLOS OprIOj0D) YSig (1661) A3 - HAD V/N 850 - LEO>
w Yadop wod ¢ Z-Q ‘BpeAON WSYINOS UI SIS T (0861) 18 12 0[N VIN vO¥ 1 - €0% O
0 Ydop wo ¢ ‘gg6l ‘sans odojs wiagsom opesojo) 6 | (6861) JSIITA puE Inyuyop VIN 91 1-LEO
o)
g yidap wo ¢ ‘€861 ‘(soyms L1) soms €17 | (6861) JOIINA Pue Inyuyopy VIN 927-600
Z
Q (9L61) Aprey L96L 0 €ES1-8Y0
m g Ydop wo G ‘pLo1 “(oqep] ‘Sunmokp ‘yei) ‘epeaopN) seyis g|
o ] idop wd 0g ‘1161 ‘sams yrif) €1 (9L61) £prey L66v 0 80-L9620
w8 [
u m wohau
m P SALON AINTIAITS (3/1Dd) (B/15d)
53 NVIW AONVYE
v
2 g
ot
S <
zZ 3
[Siy.:]




) 2-£921\S21GB1\1%21dM\45B\8edIV\d1¥-D93\ d

|

NS
£33
3 q “ idap wo g- ‘opesojo) (€861) 8 10 Youkp Tl 0€-LYO
Q
m m Yidop wd 9-0 ‘sarers poyiup) (€861) e 10 Youlp ol 8€-710
m 8 S 1 34 JO spisino sa3eioAr ppopm (e861) e 19 Youkw 990 TE1-€€0
| =
m [§ PO
m Ydop wo g “sojdures oz ‘opeiojo) (€861) BPYPUAN | p1-/+€1 1€-010
o 9% 0
3 « fidap wo g ‘sopdwies [¢g ‘sapers porun (€861) 1® 10 Youky -/+ 860 v€-010
g saBe1oa ppom (€861) ¥ 10 YouAW $90 1€1-220
Z.
ERS Yo
o O
M «WM m Joyem pue [los Ui
BYy; OY ONEI | |
(L861) pnquasiy VIN A[rewrxoiddy
2 e
g __ spos (86D poquosig | g0 VIN
[+4
m _’ sauosowI] (L861) pnquasig wo VIN
o
Eg _| (P3popuo)) vy,
Q
m § SALON AINTIAITA B/10d) @1Dd)
W § NVAN AONVY
<]
m v < STIOS FIVAINS NI SAAI'TINNOIAVY 40 SNOLLVILNAINOD TVNOIDTY
o3
S o (QANNLINOD) 7-€ A1dV.L
55§
& S A
<]
N
b & w_



N 2-£9e1\S31qe1\IX31dM\658\§e34V\d4Y-993\ d

7 of 25

RFP/ERM-94-00022

3 0 Previous Investigations, Rev 0

5
bm 8/15d wi pepodas wep [Iv  HLON
Z.
ER: ydop wo -0 ‘dAY JO SO Of UIYNM (TL61) HeMEW pue 1204 VIN pIST-1€1 0 J_
3§ 8
S & A Qdop wo -0
‘dJY Woly sojiu O] UByy 101838 SIOURISIP JB SIS BIIB JOAUI(] (ZL61) JIPHEW pue 1904 VIN €96 0-€S1 0
fidop wo -0 ‘sease adojs weiseq OpEIOj0D (ZL61) TIPMB pue 1004 VIN 11ET- 0S¥ 0 __
IS, __
gidop wo J
1-0 “I5)3WBIP W G O PAAAIS ‘dAY JO SO O] WIIM SIS § (ZL61) TIMB pue J204 VIN 9120-#100
_ wy,,
SALON FONTIAITA (810d) (3/10d)
NVIW AONVYU

STTOS FIVAINS NI SIAI'TONNOIAVY 40 SNOLLVIINAINOD TVYNOIDTI

(@3ANTONOD) T-€ ATdVL

ENVIRONMENTAL RESTORATION PROGRAM

Background Soils Characterization

Work Plan FY94




ENVIRONMENTAL RESTORATION PROGRAM Manual Number RFP/ERM-94-00022
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Work Plan FY9%4 Page 8 of 25
TABLE 3-3

SUMMARY OF RADIONUCLIDES IN SURFACE SOILS AT RFP

RANGE OF VALUES | NUMBER OF | MEAN | MEDIAN
RADIONUCLIDE (pCi/g) SAMPLES (pCi/g) (pCi/g)
*Am -0 190 - 163 467 576 7624 0 022
¥Cs -0 072 - 2 500 253 0 465 0 258
89/%0S1 0015 -2 870 218 0317 0182
alal ] 0 218 - 2800.00 609 6 143 0 982
35y -0 015 - 670 00 609 1266 0 044
'y 0 283 - 38000 00 609 68 520 1017

Note  Pu not included
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Site-specific sources of radioactive contamination from the Pu processing plant at RFP have been
identified, Krey and Hardy (1970) listed four probable sources for off-site contamination

¢ Fire 1n Building 771 on September 11, 1957

¢ Fire in Building 776 on May 11, 1969

e  Chronic low-level stack emissions

e Resuspension of contaminated soil from leaking drums at the 903 Pad

Pu data for soils 1n the plant vicimty showed the presence of Pu, but not in the distnibution
consistent with meteorological conditions at the time of the fires (Eisenbud, 1987) The Krey
and Hardy 1nvestigation concluded "that the 903 Pad was the primary source of off-site soil Pu
contamination from the Rocky Flats Plant” (DOE, 1991) A summary of the ranges in 2%24%py
concentrations, from studies conducted at RFP and 1n the RFP vicinity, 1s presented in Table
35

The Rock Creek drainage background studies are of particular interest to the BSCP Samples
from locations 1n the Rock Creek drainage (the Rock Creek data set) 1n the northwest quadrant
of the buffer zone of the RFP were collected 1n 1992 and 1993 Those data were collected 1n
support of RCRA/CERCLA 1nvestigations for OU1 and OU2 to establish a background soil
chemistry for determining the nature and extent of contamination, and for human health risk-
assessment purposes The sample locations were selected to represent soil types found 1n QU1
and OU2, but upwind and upgradient of suspected contaminant sources Samples were analyzed
for 'Am, gross alpha particle activity, gross beta particle activity, 2*2*%pu, 2262%Ra  and
B3234SIB8]  Table 3-6 provides the radionuchde measurements for the Rock Creek drainage

3.2 METALS

This section summarizes pertinent information regarding background concentrations of metals
in soils The concept of natural varniability of metals in soils 1s important with respect to
background concentrations Soil minerals are products of a complex chain of events involving
the action of weathering, topography, and biota on the parent geologic material Because

P \EGG-RFP\Area8\859\WPText\Sec-3 BKG (October 4, 1994)
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TABLE 3-6

RADIONUCLIDES IN SURFACE SOILS FROM ROCK CREEK STUDY (pCi/g)

UPPER 99%
NUMBER OF TOLERANCE
ANALYTE MEAN SAMPLES LEVEL AT
L 99% CONFIDENCE
mm
Americium-241 002 16 0 06
Cesium-137 141 12 368
Gross alpha 20 83 9 42 22
Gross beta 30 83 9 55 67
Plutonium-239,240 005 20 013
Radium-226 095 10 160
Radium-228 218 10 4 87
Strontium-89,90 062 9 222
Uranium-233,234 114 18 176
Uranium-235 005 18 019
Uranium-238 117 18 190
—

Source  OUS Technical Memorandum No 15, Amended Field Sampling Plan,
May 1994

P \EGG-RFP\AreaB8\859\WPText\Tables\Tab3-6 Lkl
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background metals concentrations 1n soil are substantively influenced by geologic parent
matenal, geomorphic processes, degree of weathering, and other site-specific factors, metals
concentrations are expected to exhibit a high degree of variability when evaluated over a broad
region

Based on an analysis of data presented 1n six references, Dragun (1988) has compiled typical
ranges and observed extreme limits of background concentrations for elements 1n natural soil
(Table 3-7) These values were obtained from a vanety of soils and so1l depths Kabata-Pendias
and Pendias (1992) have listed ranges and means of total concentrations of trace elements 1n
surface soils calculated on the world scale as they occur in different soils (Table 3-7)

Schacklette and Boerngen (1984) present concentration means and observed ranges for the
conterminous United States and for the eastern (east of the 96th meridian) and western (west of
the 96th mendian) United States subgroups Metals concentration ranges for the western
subgroup are included in Table 3-7

Site-specific data regarding metals for most of the OU studies and the Rock Creek data set are
also available Table 3-8 presents the concentration ranges from the combmed OU1, OU2,
0U3, OUS5, 0U6, OU7, the former RFP Environmental Monitoring and Assessment Division
(EMAD) and Rock Creek drainage sampling results Table 3-9 presents the results for the Rock
Creek data set

3.3 SEMIVOLATILE ORGANICS

Studies describing the occurrence of organic compounds 1n background soils were reviewed to
provide insight into both natural and anthropogenic sources to background concentrations The
emphasis of the literature search and review was on semivolatile organic compounds, such as
polynuclear aromatic hydrocarbons (PAHs) PAH concentrations, as well as pesticides and
herbicides, are highly dependent on land use 1n the area where samples are collected Input to
the background environment via vehicle exhaust 1s probaoly the most prevalent anthropogenic
source for PAHs, thus samples collected 1n industnial areas or near roadways may exhibit
elevated concentrations with respect to 1solated areas Naturally-occurring orgamc chemicals

P \EGG-RFP\Area8\859\WPText\Sec-3 BKG (October 4, 1994)
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TABLE 3-8

METALS CONCENTRATIONS IN SURFACE SOILS AT RFP

R NUMBER OF
ANALYTE RANGE SAMPLES MEAN | MEDIAN
As 021-1990 694 4 96 4 80
Be 006-620 694 081 078
Ca 043-640 425 091 0 87
Cr 094 -8530 428 12 47 11 95
Hg 003-038 414 010 010
Pb 170 - 145 00 405 26 85 2330
L1 190-2290 356 8 59 810
N1 240-5430 372 12 35 11 84
Se 020-163 454 041 037

NOTE Data reported in ppm

P \EGG-RFP\Area8\859\WPText\Tables\Tab3-8 rjl
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TABLE 3-9
METALS CONCENTRATIONS IN SURFACE SOILS FROM ROCK CREEK STUDY
(mg/kg)
UPPER 99%
TOLERANCE
LIMIT AT 99%
=ANALYTE MEAN CONFIDENCE
Aluminum 13,257 25,758
Antimony 10 525 17 35
Arsenic 579 12 78
Banium 199 7 492 59
Berylltum 155 598
Cadmium 135 479
Calcium 5,413 15,913
Cesium 116 24 593 60
Chromium 15 21 28 01
Cobalt 7 80 19 09
Copper 13 45 3003
Iron 15,553 29,288 80
Lead 37 62 63 12
Lithium 1123 2195
Magnesium 2,977 7,629 15
Manganese 432 85 1,257 80
Mercury 2.70! 2 70!
Molybdenum 14 64 20 00'
Nickel 12 74 26 99
Potassium 3,080 5 5,980 2
Selenium 06 138
Silicon 720 59 7,318 88

P \EGG-RFP\Area8\859\WPText\Tables\Tab3-% rjl
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TABLE 3-9 (CONCLUDED)

METALS CONCENTRATIONS IN SURFACE SOILS FROM ROCK CREEK STUDY

(mg/kg)
UPPER 99%
TOLERANCE
LIMIT AT 99%
ANALYTE MEAN CONFIDENCE
Silver 2 80 5 00!
Sodium 290 58 1,510 76
Strontium 3797 96 88
Thallium 08 202
Tin 36 23 81.21
Vanadium 3197 60 62
Zinc 57 26 97 20

Source OUS5 Technical Memorandum No 15, Amended
Field Sampling Plan, May 1994

! Maximum value observed

P \EGG-RFP\Area8\859\WPText\Tables\Tab3-9 rjl
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are present on the EPA Target Compound List (TCL) and are summarized on Table 3-10
(Dragun, 1988)

Semivolatile organic, pesticide, and polychlonnated biphenyls (PCBs) have been collected for
most of the OU studies ongoing at RFP and also for the Rock Creek drainage background study

Herbicides have also been collected for the OU studies The purpose of evaluating the studies
with respect to the organic analyte suite was to examine background concentration ranges for
future RCRA/CERCLA decision-making

Table 3-11 lhists the organic compounds and the corresponding concentration ranges from the
combined OU1, OU2, OU3, OUS, OU6, OU7, EMAD, and Rock Creek drainage sampling
results Herbicides have also been collected for the QU studies The tabulated values are not
to be construed as contaminant ranges (1 € background compansons were not performed as part
of work plan preparation) For the Rock Creek drainage background study, the only
semivolatile organic compounds detected were benzoic acid (43 to 230 ppm), bis(2-
ethylhexyl)phalate (35 to 140 ppm), and di-n-octylphthalate (39 to 44 ppm), and are considered
estimates because the concentrations observed were below the reported quantitation limat

3.4 SOIL PROFILE DATA

Twenty-six so1l pits at various distances and directions downwind (1 e east) of the 903 Pad were
excavated, sampled, and analyzed for actimde activities, as well as for selected physical,
chemical, and mineralogical attributes (Litaor, 1993a) The backhoe excavated soil pits were
dug toadepthof 1 0 m (3 3 ft) Locations of the so1l pits were chosen to represent the major
soil types at RFP The soils were classified according to the USDA-SCS soil classification
scheme Actimde activities and physiochemical parameters suspected of affecting actimde
activities 1n soil were studied to assess the fate and transport of actimides 1n so1l downwind of
contaminated areas at RFP Litaor (1993a) indicated that pedogenic factors, especially biological
activity (notably earthworm activity), are important factors 1n the fate and transport of actimides
1n the soil environment However, the results of the study strongly suggested that the actinides
1n the soils around RFP are relatively immobile Downward movement of actinides located

P-\EGG-RFP\Area8\859\WPText\Sec-3 BKG (October 4, 1994)
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TABLE 3-10

SUMMARY OF SEMIVOLATILE ORGANIC CONSTITUENT CONCENTRATIONS
IN SURFACE SOILS (ppb)

" ANALYTE DRAGUN (1988)

| Benz(a)anthracene 0-10
Benzo(b)fluoranthene 0-30
Benzo(k)fluoranthene 0-15
Benzoic acid 140 - 11,000
Benzo(g,h,)perylene 0-20
Benzo(a)pyrene 0 - 8,000
bis(2-ethylhexyl)phthalate 150,000 - 925,000
Chrysene 5,000
Dibutylphthalate 19,000 - 56,000
Dioctylphthalate 0 - 13,000
Fluoranthene 0-40
Ideno(1,2,3-cd)pyrene 0-15
Naphthalene 1,000 - 5 000
Pyrene 0-15

p \egg-rfp\areaB8\859\wptext\tables\tab3-10 rjl
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TABLE 3-11

SITE-SPECIFIC ORGANIC COMPOUNDS DETECTED IN SURFACE SOILS

NUMBER OF
CONCENTRATION RANGE SAMPLES WITH
COMPOUND (ng/kg) DETECTED
I _ CONCENTRATIONS
| 2,4-Dichlorophenol 790 - 1,200 4
2-Methylnaphthalene 73 - 1,200 8
4-Methylphenol 270 2
4-Nitrophenol 53 1
Acenaphthene 39 - 4,600 62
Acenaphthylene 38 - 600 3
Anthracene 44 - 5,500 68
Benzo(a)anthracene 38 - 8,300 162
Benzo(a)pyrene 36 - 11,000 137
Benzo(b)flouranthene 32 - 11,000 139
Benzo(g,h,1)perylene 15 - 6,900 95
Benzo(k)fluoranthene 32 - 8,500 111
Benzoic Acid 43 - 97,000 72
Benzyl Alcohol 270 1
Bis(2-ethylhexyl)phthalate 35 - 25,000,000 122
Butyl Benzyl Phthalate 45 - 380 15
Chrysene 36 - 11,000 175
Di-n-Buty! Phthalate 36 - 42,000 66
Di-n-octyl Phthalate 39 - 1,300 18
Dibenzo(a,h)anthracene 37 - 7,000 38
Dibenzofuran 36 - 2,000 25
Diethyl Phthalate 1,100 - 16,000 2
Dimethyl Phthalate 89 - 94 2
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TABLE 3-11 (CONCLUDED)

SITE-SPECIFIC ORGANIC COMPOUNDS DETECTED IN SURFACE SOILS

chloro-

NUMBER OF
CONCENTRATION RANGE SAMPLES WITH
COMPOUND (ng/kg) DETECTED
CONCENTRATIONS
Fluoranthene 42 - 18,000 210
Fluorene 37 - 3,300 54
Indenol(1,2,3-cd)pyrene 39 - 7,300 110
Isophorone 96 1
Naphthalene 37 - 3,000 24
Pentachlorophenol 2,200 - 2,400 2
Phenanthrene 37 - 22,000 181
Pyrene 41 - 16,000 210
Aldrn 17 - 67 4
Aroclor-1242 41 - 25,000 12
Aroclor-1248 52 - 230,000 37
Aroclor-1254 9 7 - 860,000 126
Aroclor-1260 9 6 - 680,000 240
4,4’-DDD 22 1
4,4’-DDT 21-26 2
Delta-BHC 23 1
Dieldrin 18 - 53 4
Endosulfan Sulfate 24 1
Endrin Ketone 36 1
Heptachlor Epoxide 10 1
Methoxychlor 450 1
Propane, 1,1-dibromo-3- 54 - 89 11
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downwind of the contaminated areas was largely restricted to the upper 12 cm (4 72 1n) of soil
The so1l profile sampling for the BSCP has been designed to support fate and transport studies
by collecting baseline soils data from representative soils 1n areas upwind of contaminated areas

3.5 SURFACE SOIL SAMPLING METHODOLOGIES

Except for the so1l profile studies mentioned 1n Section 3 4, most so1l sampling methods at RFP
have focused investigations in the upper several cm of soil  Varnous surface soil sampling
methods have been used at RFP since 1969 primanly for two purposes, assessing potential health
hazards and determining contaminant concentrations For Pu in particular, sampling methods
have been used to assess risk to human health from Pu through the inhalation pathway and to
determine Pu inventories in the soil Comparability between historic surface soil data may be
dependant on the sampling method used and the time between sampling periods Typically, the
methods for determining the Pu inventory 1n the soil involve sampling to depths ranging from
zero to five cm (two 1n) or to 20 or 30 cm (7 9 or 11.8 1n), while the methods for assessing
health risk through the inhalation pathway involve depths from zero to five cm (zero to two 1n)
Table 3-5 lists the depths for several historical investigations regarding RFP-related activities
and regional studies

Two surface so1l sampling methods have been used since 1990 at RFP for RCRA/CERCLA-
related activines They are the CDH method and the Rocky Flats (RF) method, both of which
are outlined in EG&G Operating Procedure GT 8 The CDH method obtains a composite
sample from 25 subsample locations within a 1 6- or a 4 0-ha (4- or a 10-acre) plot size Each
subsample 1s obtained by removing the soil from a 5 1 cm (two 1n) by six cm (2 4 1n) by 0 64
cm (0 25 1n) deep template driven 1nto the soil The RF method obtains a composite sample
from 10 subsample locations within two one-meter (3 3-ft) square (m? areas, each subsample
obtained by removing soil from a 10 cm (3 9 1n) by 10 cm (3 9 1n) by five cm (two 1n) deep
template which 1s driven 1nto the soil

P \EGG-RFP\Area8\859\WPText\Sec-3 BKG (October &4, 1994)
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As discussed further 1n Section 4 3 1 and 1llustrated in Figure 4-8, the RF method [five cm (two
1n) depth] was chosen for the BSCP over the CDH method [0 64 cm (0 25 1n) depth] and other
surface so1l methods for the following reasons

e The RF method 1s comparable to other RFP data collection efforts regarding nsk
assessment and determination of the nature and extent of contamination

¢ The RF method has been used for ongoing environmental monitoring

* The RF method 1s comparable to regional and worldwide sampling efforts which
were designed to determine fallout radionuchide concentrations 1n soils

® The RF method was developed for the rocky surface soils 1n the vicimity of RFP

¢ The RF method 1s considered a compromise between determining total Pu inventores
in the soil and providing information for assessing human health nisk through the
inhalation pathway

® The Rock Creek data set utilized the RF method Because the BSCP sampling effort
1s 1ntended to augment the Rock Creek data set for certain analyte groups, the RF

method 1s appropriate

e Data collected by both the RF and CDH methods for OU3 Pu concentrations are
comparable

Section 4 3 1 further discusses data comparability among surface soil sampling methods
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4.0 DATA QUALITY OBJECTIVES

The purpose of this section 1s to establish and implement the DQO process for this project This
1s accomplished through integration of EPA’s DQO guidance and independent data evaluation
methodologies using results of previous mvestigations (Section 3 0) to provide a technically
defensible framework for design of a field sampling program (Section 5 0) and data analysis
program (Section 6 0)

The work plan for the RFP BSCP 1s built upon the framework of the DQO process The DQO
process 1s a systematic planning tool based on the scientific method for identifying the type,
quantity, and quality of data that will be appropnate for the intended application of the data
The goal of the process 1s to collect data of sufficient quantity and quality to support defensible
decision making, while attempting to minimize expenditures related to data collection by
eliminating unnecessary or overly precise data The process allows the decision makers to
define their data requirements and the acceptable levels of decision errors during planning,
before data collection begins

DQOs for the BSCP have been developed using the seven-step problem solving procedures
outlined 1n the Guidance for Planning for Data Collection 1n Support of Environmental Decision
Making Using the Data Quality Objective Process, (EPA, 1994) (Figure 4-1) However, to
ensure comparability with previous RCRA/CERCLA OU investigations at RFP and to transition
between the 1994 guidelines and previous EPA DQO guidelines, the format for the BSCP DQO
section follows the three-stage DQO process outlined 1n the DQOs for remedial response
activities (EPA, 1987a) (Figure 4-2)

Although the DQO Process 1s meant to be followed 1n a sequential manner, 1t 1s also 1terative,
the outputs from one step may influence prior steps and cause them to be redefined As a result
of this 1terative process, 1t was recognized that groups of analytes (1 e , data types) had differing
data needs to adequately characterize background concentrations By approaching the evaluation
of existing data and the sampling plan design on a data-type-specific basis, the designs became
more manageable and representative of the actual data needs Thus, the rationale applied to
design the BSCP sampling plan evolved into a data-type-specific process (Figure 4-3)  As
indicated on Figure 4-3, the following data types were evaluated individually

P \EGG-RFP\Area8\859\Sec-4 BKG (October 4, 1994)
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7 STEP DQO PROCESS

STATE THE PROBLEM

v

IDENTIFY THE DECISION

v

IDENTIFY INPUTS TO THE DECISION

v

DEFINE THE STUDY BOUNDARIES

v

DEVELOP A DECISION RULE

v

SPECIFY LIMITS ON DECISION ERRORS

v 1

OPTIMIZE THE DESIGN FOR OBTAINING DATA

Figure 4-1 Seven-Step DQO process (EPA, 1994)
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THREE-STAGE DQO PROCESS

STAGE 1
IDENTIFY DECISION TYPES

¢ Identify & Involve Data Users
e Evaluate Available Data
e Develop Conceptual Model
e Specify Objectives/Decisions
¢
STAGE 2
IDENTIFY DATA USES/NEEDS
® Identify Data Uses
e Identify Data Types
e Ident:fy Data Quality Needs
e Identify Data Quantity Needs
e Evaluate Sampling/Analysis Options
¢ Review PARCC Parameters
)
STAGE 3
DESIGN DATA COLLECTION PROGRAM

e Assemble Data Collection Components

e Develop Data Collection Documentation

Figure 4-2 Three-Stage DQO process [after EPA (1987a) and EPA ( 1987b)]

P \EGG-RFP\Area8\859\Sec-4 BKG (October &4, 1994)
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® Pu and other radionuchides from anthropogenic fallout sources (Fallout Group)
®  Metals, including naturally occurring U and Ra 1sotopes (Metals Group)
¢ Organic compounds (Organic Group)

e Physical, chemical, and mineralogical characterization of background soils (Soil
Profile Group)

Section 4 2 2, Data Types, and Section 4 3 2, Design Approach, discuss the rationale for
delineation of these groups

The need to obtain background data for the upper five cm (two 1n) of soil for radionucldes,
metals, and organics was 1dentified as a high pnionty based on RCRA/CERCLA decision-making
data needs The so1l profile data type, collected pnmarily from genetic soil horizons and depth
mtervals 1n the upper 1 2 m (four ft) of soil by a pit/trench technique, was 1dentified as a
secondary (1 e , lower prionty) data need

The following sections discuss stages one, two, and three of the DQO process The three stage
process includes Stage 1 - Identification of Decision Types, Stage 2 - Identification of Data
Uses/Needs, and Stage 3 - Design Data Collection Program

4.1 STAGE 1 - IDENTIFICATION OF DECISION TYPES

The purpose of Stage 1 of the DQO process (Figure 4-2) 1s to 1dentify the individuals responsible

for decisions regarding use of background soils characterization data, to 1dentify and involve data
users, and to define the types of decisions that will be made by those using the data

P \EGG-RFP\Area8\859\Sec-4 BKG (October &, 1994)
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As part of work plan preparation, Stage 1 was accomplished through four tasks

¢ Identification and involvement of data users

e Evaluation of available information

* Development of background conceptual site model
* Specification of study objectives

4.1.1 Identification and Involvement of Data Users

A planning team was assembled for the BSCP which included personnel from DOE, EG&G, and
its subcontractor, Dames & Moore, and represented a variety of technical disciplines and
organizations responsible for the outcome of the project The first objective for the planning
team was to identify potential data users and solicit their involvement by circulating
questionnaires and conducting interviews regarding potential background soils data needs

Data users for ER-related (1 ¢ , RCRA/CERCLA) 1nvestigations have been categorized as
follows

e Decision makers

¢ Prnimary data users

e Secondary data users

® Technical support/review groups

The potential data users for this project are identified 1n the following paragraphs Decision
makers include Remediation Project Managers (OU managers) for each of the 16 designated OUs
at RFP and other personnel from EG&G, DOE, EPA, and CDH who are involved 1n decision
making through management and regulatory oversight The decision maker’s role includes
assessing the nature of contamination (the contaminants of concern), assessing the risks to human
health and the environment posed by the contaminants, delineating the extent of the contaminated
areas, deciding on acceptable remediation levels, and choosing feasible alternatives for cleanup
operations

P \EGG-RFP\Area8\859\Sec-4 BKG (October &, 1994)
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Primary data users are geoscientists, soil scientists, ecologists, statisticians, chemists, risk
assessors, modelers, remedial design engineers and others on the staffs of EPA, DOE, CDH,
EG&G, and subcontractors involved in the BSCP and ongoing ER activiies at RFP  The
pnmary data user’s role 1s to provide technical information and guidance to the ER decision
makers

Secondary data users include those involved with scientific investigations that support ER
activities (1 e , RCRA/CERCLA 1nvestigations) at RFP, other facihties, public involvement
groups, ongoing and future so1l monitoring programs, and land managers

Support groups include personnel from EG&G and 1its subcontractors, DOE, EPA, and CDH
who are involved with laboratory management, database management, QA, records control, and
compliance monitoring Review groups include subcontractors to DOE or EG&G involved with
technical review of the BSCP

EPA and CDH were 1ncluded as data users in the DQO process and were bniefed through a
March 3, 1994 meeting At this meeting, information regarding the prelimmnary DQOs and
sampling design for the project were presented for discussion CDH'’s and EPA’s oral comments
were noted at this meeting and given due consideration in preparation of this draft plan

4.1.2 Evaluation of Available Information

The goal of evaluating previous investigations (Section 3 0) was to identify data gaps and to
provide the basis for BSCP sampling designs Chemical data (1 e , radionuchde, metal, and
organic analytical data) from previous 1nvestigations 1n surface soils were compiled for use in
identifying data gaps and designing the sampling program (Section 4.3) for characterization of
the upper five cm (two 1n) of soil

P \EGG-RFP\Area8\859\Sec-4 BKG (October 4, 1994)
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Identification of data gaps for the soil profile data type was independent of that for the surface
soils chemical data In general, the sampling design component for the so1l profile data type 1s
based on soil type and slope posiion Thus, the design basis 1s dependent only on sample site
selection

4.1.3 Development of Background Conceptual Site Model

A prehiminary background conceptual model was developed for addressing data needs and to
illustrate the rationale for choosing the general locations for potential background soil areas
The conceptual model incorporates the following elements

® Measurable analytes of concern that the soils may contain
® Sources, both RFP and off-site, of those analytes
e The pathways of analyte migration leading from sources to the background soils

The basic elements of a conceptual model for RCRA/CERCLA work as proposed by the EPA
include a source, pathway, and receptors for contaminants These elements were used 1n
developing this preliminary conceptual model, although the "receptors” of contaminants in this
case are the background soils

Off-site sources of contaminants include atmosphernic testing of nuclear weapons, which was
conducted 1n the northern hemisphere and produced radionuchdes Fallout radionuclides were
entrained 1n the atmosphere, transported downwind by prevailling winds, and deposited on the
surface soils via precipitation and dry deposition A second, major off-site source of metals and
radionuchides such as U and its daughter elements, are naturally occurring rocks, mineral
deposits, and sediments Background soils have developed from parent matenials whose sources
are from the mountains to the west of RFP, and from underlying sedimentary deposits These
parent matenials may contribute naturally-occurring levels of potential analytes of concern to
background soils Transport of these potential analytes may have occurred through several
mechamsms such as wind erosion, stream sediment transport, and transport of dissolved
constituents via groundwater and surface water Other potential sources of radionuchdes,
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metals, and organic compounds are numerous off-site activites, which may generally be
categorized as nonpoint source pollution Activities capable of contnibuting contaminants to
background soils 1n the RFP area include, but may not be limited to, industnial operations in the
Denver metropolitan area, mining operations in the mountains, widespread agricultural chemical
use, automobile and rail traffic in the vicimity, and small businesses/light industry in the
immediate vicimity A schematic representation of off-site sources of potential contaminants of
concern and pathways leading to potential background soils areas 1s presented in Figure 4-4

RFP also may have been a source for contributing contaminants to potential nearby background
soil areas A schematic representation of potential RFP sources and pathways 1s presented 1n
Figure 4-5 RFP sources of contamination, associated pathways, and transport mechanisms
(Figure 4-5) are considered when assessing potential areas for background soil sampling

4.1.4 Specify Study Objectives

The objectives of the BSCP are to provide background soils data for two soil populations These
populations are provided in the following hst

e The surface so1l population [upper five cm (two 1n) of so1l], including background
concentration data of potential contaminants and physical/chemical parameters data

e The soil profile population [upper 1 2 m (3 9 ft) of the soil], including general
pedological (soil parameter) data, physical/chemical/mineralogical parameters 1n
genetic honizons, and actimde concentration data (plutonium and amercium) at
incremental depths

Specifying study objectives 1s linked to the identification of data uses and the determination of

data types or analytes through the iterative DQO process Data use and data types are discussed
m Sections 42 1and 4 2 2

P \EGG-RFP\Area8\859\Sec-4 BKG (October 4, 1994)
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4.2 STAGE 2 - IDENTIFY DATA USES/NEEDS

The purpose of Stage 2 of the DQO process 1s to 1dentify data uses and needs, evaluate sampling
and analysis options, and review the PARCC parameters As part of work plan preparation,
Stage 2 was accomplished through five tasks

Identify Data Uses

Identfy Data Types

Identify Data Quality Needs

Identify Data Quantity Needs

® Review PARCC Parameter Information

Each of these tasks are described 1n the following sections

4.2.1 Identify Data Uses

The BSCP 1s designed to be used by those concerned with present RCRA/CERCLA activities
at RFP, however, 1t also anticipates future use by those concerned with feasibility studies and
remedial action design and 1mplementation, by those concerned with land use decision-making,
by the scientific commumity, and by others who have an interest 1n background soils information
The data uses for the BSCP that support RCRA/CERCLA actvities include

e Characterize site soils

e Determine the nature and extent of RFP contamination by comparing affected areas
(OUs) with background

¢ Describe contaminant fate and transport

e Determine baseline risk assessment
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¢ Evaluate remedial action alternatives
e Determine remedial acion monitoring
4.2.2 Identify Data Types

Data types necessary to meet the objectives of the BSCP include a broad spectrum of analytes
These analytes are 1n two broad categories

* Potential so1l contaminants such as radionuchides, metals, and organic compounds

¢ Physical/chemical/mineralogical/biological parameters needed to characterize the soil
and to model contaminant fate and transport

Some of the potential contaminants, such as the metals U and Ra, are naturally present 1n sotls
Other potential contaminants such as Pu, Am, 'Cs, *Sr, and most of the organic
contaminants, are present 1n soils only because of human activity

Through the 1iterative DQO process, 1t became obvious that a reasonable approach to simphify
the problem and meet the project objectives in the most cost-effective manner was to assemble
the various data types into groups whose occurrence, behavior, data uses, and/or collection
methods were sismilar  The following data groups were chosen

. Fallout Group data types for surface soils

- 239/240py,
- 241 Am

- 137C s
89/9OS r
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o Metals Group data types for surface soils

- Total Analyte List (TAL) metals and Cs, Sr, Molybdenum (Mo), and Lithium (L1)
- U and Ra 1sotopes
- Physical/chemical parameters for surface soils

. Organic Group data types for surface soils

- TCL base-neutral extractable semivolatile compounds
- TCL pesticides and PCBs

o Soul profile group data types

- TAL metals 1n genetic horizons

- U and Ra 1n genetic honizons

- Physical/chemical/mineralogical/biological parameters 1in genetic horizons
- Actimides (Pu and Am) 1n depth increments

- Soil ecology support

- Pedological data

4.2.3 Identify Data Quality Needs

Data quality needs are detailed in Section 7 3 6 Generally, data quality will be achieved by
adhering to the data collection and analysis protocols provided in agency-approved EG&G Rocky
Flats Environmental Management Department Operating Procedures (Volumes I through VI) and
the General Radiochemistry and Routine Analytical Services Protocol (GRRASP), Parts A and
B
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4.2.4 Identify Data Quantity Needs

Data quantity needs are typically related to the selection of statistical parameters (confidence and
power), which are used 1n equations for eshmating a sample size necessary to describe a
population These parameters are associated with the degree of error that 1s allowable in
defining populations and are dependent on the ulumate use of the collected data, which 1s
determining contaminants of concern (COCs) at OU investigations Therefore, 1t would be
appropniate that these parameters be based on the requirements of the statistical procedures
outlined by Gilbert and Simpson (1992), which have recently been approved for OU
investigations At the time of this study, Gilbert’s recommendations of COC determination did
not reveal data requirements for the background data (1 e, power) To accommodate this
situation, this study assumed typical confidence and power values for making estimates of the
necessary number of samples to adequately describe the background populations Evaluation of
data quantity needs for each analyte group 1s discussed 1n Section 4 3

4.2.5 Review PARCC Parameter Information

PARCC parameters are indicators of data quality The PARCC goals for samples collected in
support of the BSCP are specified 1n Section 7 0, Quality Assurance Addendum Section 4 3 1
discusses historical data comparability relevant to the development of the sampling design

4.3 STAGE 3 - DESIGN DATA COLLECTION PROGRAM

The purpose of Stage 3 of the DQO process 1s to integrate all components of the DQO process
into a comprehensive sampling plan for all data types, which include

e Fallout Group

e Metals Group

®  Organics Group

e Soil Profiles Group

P \EGG-RFP\Area8\859\Sec-4 BKG (October 4, 1994)
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Consideration of these data types in the sampling design development 1s introduced 1n Section
4 0 and 1s discussed further 1n Section 4 3 2, Design Approach

Figure 4-6 1llustrates the process for designing the data collection program for the background
characterization of the upper five cm (two 1n) of so1l The 1nitial step consisted of creating data
sets for use 1n the Exploratory Data Analysis (EDA) Data that provided an understanding of
contaminant release and distribution patterns at RFP were compiled from select, previous
nvestigations discussed 1n Section 3 0 The data sets were then subject to EDA to 1dentify data
gaps and to assess alternative sampling designs

The following sections discuss the process of designing the data collection program The design
of the data collection program 1includes the review of existing data, EDA, and sample design
recommendations for each analyte group

4.3.1 Review of Pre-existing Data

The 1mtial task of reviewing the existing data was to compile historical data sets in an electronic
format With the exception of 2*%°Py, the data compiled for this purpose were extracted from
the Rocky Flats Environmental Database System (RFEDS) Data qualified as unusable (RFEDS
valhidation code ’'R’) were excluded from the data sets Sample duplicates and analytical
replicates were averaged before analyses were performed A usability assessment of the data
was not performed (1 e , calculating PARCC parameters for the existing data) The 2*2*°Py data
included analytical results from multiple sources (1 e, samples collected and analyzed by
individuals and organizations other than RFP) A discussion of data comparability for the EDA
follows

Since 1969, several methods were employed in the Rocky Flats region to sample soil for 2*?°py
contamination Initially, Krey and Hardy (1970) with the Health and Safety Lab of the Atomic
Energy Commuission (predecessor to DOE) sampled to a depth of 20 cm (7 9 1n) 1n order to
determine a complete inventory of plutonium 1n the soill The CDH developed a method 1n
which samples were collected to a depth of 0 64 cm (0 25 1n), 1n order to assess the risk of Pu

P \EGG-RFP\Area8\859\Sec-4 BKG (October 4, 1994)
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to human health Pu 1s potentially respirable by resuspension of dust from soils Poet and
Martell collected samples in 1972 to a depth of one cm (0 4 1n) for examining plutonum
contamination The resulting 2*?*°Py concentrations from these multiple sampling efforts are
illustrated in Figure 4-7

For the purpose of the EDA and the design of the sampling plan for fallout radionuclhides, 1t was
assumed that the historical #*%%u data from surface soils were comparable This decision was
based on a companison of 2%*°Py results from samples collected by both the RF and the CDH
sampling methods Figure 4-8 illustrates this correlation The data in Figure 4-8 are results
from the OU3 RFI/RI Thus, aggregation of the historical data sets provided an extensive data
set, on-site and off-site, for the EDA

4.3.2 Exploratory Data Analysis

Prior to the EDA, the background conceptual site model was reviewed to understand the general
processes that may affect the sampling plan design Because this study focused on several
analyte groups, two general regions were considered as potential background soil sampling sites

(1) remote sites outside the range of potential atmospheric deposition resulting from RFP
activities and (2) sites within RFP border 1n areas upwind of the industrial area An advantage
of selecting sampling locations within RFP border 1s that pedogenic, geomorphic, and hydrologic
characteristics of soils within individual OUs are simular to those characteristics of souls in the
mmmediate vicimity of RFP A disadvantage of selecting background sampling locations within
RFP 1s the possibility that those sites may be contaminated by activities from RFP The major
1ssues for developing a background sampling plan design are

e The areal extent of potential contamination due to RFP activities

e The potential vaniability of analyte concentrations in different soil types or geologic
parent matenals

P \EGG-RFP\Area8\859\Sec-4 BKG (October 4, 1994)
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The sampling design approach was to group analytes which had similar data needs Table 4-1
Iists the 1ssues to be investigated by the EDA for each analyte group Sample design
considerations for each analyte group follow

Fallout Group

e The sample design 1s not primarily dependent on soil type or geologic parent
matenal, because fallout radionuclides do not occur naturally in soil, therefore, a
sample design located outside the range of RFP influence 1s applicable

¢ The suitability of the Rock Creek drainage study as background should be assessed

e A sample design distant from RFP may not be suitable due to the potential
vanability of metals concentrations 1n soil types and geologic parent materals
dissimilar to RFP soils

¢ The suitability of the use of the Rock Creek drainage study as background shouild
be assessed

rganics Grou

e A sample design distant from RFP may not be suitable because of the potential
influence from unknown off-site sources

e The lack of quantifiable detections in the Rock Creek drainage study indicates that

surface soil has not been influenced by RFP or other off-site sources, although some
PAHs have been detected 1n Rock Creek stream sediments

P \EGG-RFP\Area8\859\Sec-4b BKG (October &4, 1994)
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TABLE 4-1

ANALYTE GROUPS AND CONSIDERATIONS FOR EXPLORATORY DATA

ANALYSIS

" DATA TYPE GROUPS

CONSIDERATIONS FOR EXPLORATORY
DATA ANALYSIS

[

Fallout

¢ Influence of RFP

¢ Suitability of Rock Creek data set as background

¢ Provide rationale for the placement of background
sampling locations 1f necessary

Metals

¢ Influence of RFP

* Geology/soil type

e Suitability of Rock Creek data set as background

® Provide rationale for the placement of background
sampling locations if necessary

Organics

¢ Suitability of Rock Creek data set as background
¢ Provide rationale for the placement of background
sampling locations 1if necessary

Soil Profiles

* Provide rationale for the placement of background
sampling locations
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Soil Profile Group

e Sampling design component for the soil profile data type 1s based on soil type and
slope position representative of those found at RFP

For each analyte group, the EDA assumes windborne transport 1s the primary mechanism for
off-site surface soil contamination Therefore, it may be possible to correlate soil concentrations
to wind patterns at RFP relative to a source location This correlation may not be exact because
the following factors may affect it

¢ Topographic features

* Soil and vegetation type

® Method of sample collection and compositing
®  Analytical method

®  Proximity to human activities

® Pror and ongoing remedial activities

e Methodology for selecting sampling locations

The goal of the EDA was to evaluate the available surface soil data at RFP and to use the
information gained from this process to provide rationale for sampling design alternatives that
are consistent with DQO  The EDA process 1s illustrated in Figure 4-9 The current
understanding of site conditions 1s shown as "Conceptual Model" 1n Figure 4-9 The Conceptual
Model (discussed 1n Section 4 1 3) 1s updated to incorporate the information gatned during each
step 1n the analysis

The EDA was developed to address the specific 1ssues relevant to the scope of this study It 1s
beyond the scope of this study to consider all possible factors contributing to soil chemstry in
the vicimity of RFP  The EDA develops a "general understanding” of soil chemistry and the
major factors contributing to metal concentrations and radionuclide activities near RFP  This
general understanding was developed to aid 1n the sampling plan design rationale consistent with
a level of detail appropnate to a reconnaissance investigation The EDA was not intended to

P \EGG-RFP\AreaB8\859\Sec-4b BKG (October &4, 1994)
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precisely delineate the extent of contamination resulting from RFP activites A detailed
discussion of all potential methods for evaluating sample design alternatives 1s beyond the scope
of this study

The following 1s a general discussion of the steps in the EDA (Figure 4-9) Each step of the
EDA was developed as a result of an iterative process that 1dentified groups of analytes (1 ¢ ,
data types) that had differing data needs to adequately charactenize background soil chemistry
By utiizing specific data types for the evaluation of existing data, the sampling plan designs
become more manageable and representative of the actual data needs An explanation of the
EDA for each data group follows this general discussion

Step 1, Assess Spatial Correlation to RFP

The underlying assumption of the EDA 1s that windborne transport 1s the primary
mechamism for off-site surface soil contamination Therefore, analytes, which have been
identified 1n previous studies as potential windborne contaminants, are evaluated for
spatial correlation relative to their suspected source

A simple method 1s used to explore this potential relationship The data 1s organized into
sectors similar to the sectors of a wind-frequency diagram The method consists of
sorting data into eight sectors with the contaminant source as the ongin It 1s
hypothesized that the windborne contaminants will display a strong correlation 1n the
downwind direction relative to the source area Plots of concentration versus distance
from the source area are then produced for the analyte in each sector Analytes that
exhibit an apparent correlation are categorized as having spatial correlation to RFP
Analytes that exhibit no correlation are classified as having no spatial correlation to RFP

P \EGG-RFP\Area8\859\Sec-4b BKG (October 4, 1994)
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tep 2, Ev te Sources of Vanabilit

Step 2 of the EDA considers the analytes that showed no spatial correlation to RFP
This step explores the possibility of soil chemistry dependence on naturally occurring
factors, such as soil type and geologic parent material For each analyte, the data 1s
sorted by study area (1 e , OU2, OU3, etc ) and by soil type Box-and-whisker plots are
generated to observe potential varniability attributable to soil type and geologic parent
material

Devel orrelation Model

Step 3 of the EDA develops a model that describes the relationship of distance and
direction for the analytes that exhibited spatial correlation to RFP A simple algorithm
1s used to describe the trend 1n each sector plot from step 1 The algorithm 1s a median
smoothing method and 1s described 1n detail by Tukey (1977) and advocated by Cressie
(1991) The median smoothing technique 1s designed to reveal underlying trends 1n data
sets masked by large vanations This algonithm 1s used because of its simplicity and 1ts
resistance to unusual or outlying data, ensuring that its results are not too sensitive to
a small proportion of the data, some of which may be suspect

Step 4, Perform Vanogram Analysis of Residuals

Step 4 of the EDA continues with the analyte data set that exhibited spatial correlation
to RFP This step uses the median smoothing results to remove the trend 1n the data
(1 e, the potential RFP influence) Residuals are the output of the trend removal
process A residual analysis 1s generally developed in stages and at each stage 1s
re-expressed 1n the form of the following equation

VALUE = MODEL + FIT + RESIDUAL
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where

VALUE 1s either an onginal datum or some simple mathematical transform (such
as the logarithm)

MODEL 1s the value predicted at the preceding stage Thus, multiple models can
be used to explain the data and can be incorporated in an 1iterative process For this
analysis, the factors are distance and direction from the source and are incorporated
1n a single stage

FIT 1s a value determined by a small number of parameters (1 e, the median
smoothed fit)

RESIDUAL 1s whatever 1s left over to make the equation work

The process stops when the residuals exhibit no pattern  That 1s, no 1mportant
correlation with any factor can be identified and the residuals are symmetrically
distributed about zero “"Important” means a correlation that matenally reduces the
variability of the residuals once the correlation is fit The vanability of the residuals
should be made as small as possible When this occurs, one can tentatively treat the
residuals as realizations of identically distributed random variables representing forms of
"error" or uncontrollable, natural, vanability To ensure that the trend has been removed
from the data, the residuals are re-analyzed by the procedure in Step 1 If the model 1s
appropnate, the residuals should be symmetncally distnibuted about zero

It may still be possible to find a different kind of pattern--a probabilistic pattern--in the
residuals Rather than being independent random varnables, they may exhibit correlation
The most likely form of correlation will depend on location The statistical analysis of
such behavior 1s properly the domain of geostatistics Therefore, a variogram analysis
of the residuals 1s performed to investigate the potential of an underlying spatial structure
in the data, which may be attributable to background concentrations 1n the surface soils
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ENVIRONMENTAL RESTORATION PROGRAM Manual Number RFP/ERM-94-00022
Background Soils Characterization Section 4 0 Data Quality Objectives, Rev 0
Work Plan FY94 Page 28 of 46

If the vaniogram analysis reveals a spatial correlation, the estimated variogram(s) are
used to aid the sampling plan design (Step 8)

Step 5, Filter for "Background” Data Set

Step 5 considers two potential analyses in the EDA  One analysis considers a data set
that displays spatial correlation to RFP (Step 1) and the variogram analysis of residuals
display no spatial structure (Step 4). For this component of Step 5, the sector plots and
median smoothing results are revisited to estimate the mfluence of RFP on soil chemustry
in each sector The estimates of RFP influence by sector 1s based on professional
judgement The estimated distances of RFP influence do not represent the actual extent
of contamination due to RFP activihes These estimates are only used to filter for a
"background" data set, which will be used to esimate the number of samples necessary
to charactenize the background population (Step 7) Samples outside the estimated
distances are extracted from the data set to create the background data set

The other component 1s a data set that showed no spatial correlation to RFP and 1s
evaluated for the potential of soil chemistry dependence on naturally occurring factors,
such as soil type and geologic parent material For this component of Step 5, the Rock
Creek data set 1s assumed to be unaffected by RFP activities and 1s representative of
background conditions

Step 6, Perform Vanogram Analysis on "Background” Data Set

A variogram analysis of the filtered data set, defined in Step 35, 1s performed to evaluate
the potential of a spatial correlation structure 1n background soil concentrations If the
variogram analysis reveals a spatial correlation, the estimated variogram(s) are used to
aid the sampling plan design (Step 8)

P \EGG-RFP\Area8\859\Sec-4b BKG (October &4, 1994)
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tep 7, Cr tistically-B ample Design

Step 7 of the EDA utilizes the filtered background data sets to estimate the required
number of samples to characterize background soil chemistry populations Standard
sample size estimate equations (EPA, 1989a) are used for estimating the required
samples

Suitable sampling regions are identified during the EDA process Final sampling
locations comply with stratification requirements necessary for each data group

r 1stically-B: mpl 120

Step 8 of the EDA process 1s considered in the event a "background” data set exhibited
spatial structure (Step 6) or 1f a residual analysis revealed an underlying spatial structure
(Step4) Flatman and Yfantis (1984) discuss design optimization for spatially correlated
variables In general, their recommended design strategy 1s a systematic gnnd The gnd
shape 1s determined by the variogram the gnd shape 1s square if the directional
variograms have little anisotropy, or rectangular and rotated to correct the anisotropy and
the gnd length(s) are read from the empirical variogram as a function of tolerable
vanance in the output (kriging estimates) or a fraction (<0 67) of the range

The EDA for each analyte group (Section 4 3 2) found no apparent spatial structure
(Steps 4 and 6) Thus, further discussion of the application of these techmques was
excluded

The following sections discuss the EDA for each analyte group The EDA discussion proceeds
according to the steps shown in Figure 4-9 Following the discussion of the EDA by analyte
group, a summary of the EDA and sampling design recommendations are presented for each

analyte group
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4.3.2.1 Fallout Group

As shown 1n Table 4-1, the objective of the fallout group EDA 1s to (1) assess the areal extent
of fallout group contamination as a result of RFP activities, (2) evaluate the suitability of the
Rock Creek data set as background, and (3) provide a rationale for the placement of background
sampling locations, 1f necessary

Plutonium-239/240 1s the predominant concern for fallout group contamination in background
areas as a result of RFP activines Considering this concern and the fact that 2*24°Py has the
most extensive historical data base for both on-site and off-site locations, 1t seemed appropnate
to use 2*2%Py as an indicator for assessing the areal influence for the fallout group and
subsequent sample design considerations listed 1n Table 4-1

A visual inspection of the spatial distnibution of 2*?°Pu from a compilation of most known
sampling activities (Figure 4-7) indicates that the 903 Pad was the predominant source of Z*°py
contamination 1n surface soils Thus, the EDA for 2*?°Py focuses on the relationship of #%2¢°Py
relative to the 903 Pad for surface soils

Step 1 of the EDA process (Figure 4-9) was apphed to the Z**°Pu data set to explore the
potential relationship of 2*2%Py and the 903 Pad Eight sectors, corresponding to the sectors
used to display wind data during 1953 through 1970 (from Krey and Hardy, 1970), were used
to sort and group the 2**°Pu data for inspection Litaor (1993b) indicates that windborne
dispersal of 2*?°Py from the 903 Pad was effectively halted by the asphalt capping of the 903
Pad area 1n 1969 Figure 4-10 1llustrates the onentation and location of the sectors used to sort
the 2°2%Py data Figure 4-11 shows 2*?*°Pu versus distance and median smoothing (Step 2 of
EDA) For comparative purposes, Figure 4-11 shows the maximum and mimmum 2*2°pPy
ranges from Lawton (1989), 1n each sector As suspected, the sectors downwind of the 903 Pad
(sectors 1, 7, and 8) show elevated 2*2*%Py activities at large distances [approximately 6096 m
(20,000 ft)] from the 903 Pad The relationship of »**°Pu and distance 1n the remaining sector
plots 1s less evident
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Sector 3 consists of 2Py data from OU7 and the Rock Creek data set In sector 3, the
median smooth fit shows the trend of ?*?*Py activity dipping below the upper range of the
Lawton (1989) data set before the distance where the Rock Creek data are located However,
the upper range of 2%?%%Py activity in the Rock Creek area 1s sigmficantly above the maximum
value 1n the Lawton (1989) study The variability and upper range of 2Py activity 1n the
Rock Creek area, combined with the lack of data at larger distances from the 903 Pad in sector
3, provides no clear basis for charactenzing the Rock Creek data set as representing background
for fallout radionuchides Therefore, a remote sampling plan for Pu 1s appropnate
Appendix B also contains box-and-whisker plots of radionuchde activity by sector for ***Sr,
BCs, and *'Am Am and Pu display a similar spatial correlation to the RFP Cs and Sr,
however, show no apparent spatial correlation to RFP, suggesting they are not a windborne
contaminant

Step 4 of the EDA process was apphed to the 2*2°Pu data, using the median smoothing fit to
remove the apparent trend (1 € , RFP influence) 1n the data A vanogram analysis, however,
revealed no spatial correlation structure of residuals Therefore, Step 5 of the EDA process was

apphied

Step 5 of the EDA provided a rationale for the number of background samples necessary to
charactenize fallout radionuclides Due to the lack of data at large distances in sectors 3, 4, 5,
and 6, 1t was difficult to esumate the distance at which 2*?*°Py activities merge with background
in these sectors However, 1n sectors 1, 2, 7 and 8 the correlaton was more evident
Therefore, only sectors 1, 2, 7, and 8 were considered in Step 5 of the EDA  2%2%°Py samples
outside the estimated distances within each sector were extracted from the data set to create the
background data set Summary statistics were then calculated from these data and applied to
standard sample size estimate equations (EPA, 1989a) Table 4-2 contains the information for
estimating the sample size, including typical confidence and power for the estimates It should
be noted that three outliers (0 77, 0 24, and 0 15 pCi/g) were eliminated from the background
data set after the filtering process Removal of the outher values, which were clearly not of the
same population as the remaining data, decreased the variance of the data set by 88 percent and
the resulting estimated sample sizes from 590 to 28 The total number of samples 1n the filtered
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TABLE 4-2
BACKGROUND Pu SAMPLE SIZE ESTIMATES
ESTIMATED
MEAN | CV | MAXIMUM | MINIMUM | NUMBER OF
STUDY PCI/G) | (%) (PCI/G) PCI/G) SAMPLES
EDA Unfiltered 0 062 195 0770 0012 590
EDA Filtered® 0036 43 0 080 0012 28
Lawton (1989) 0036 58 0077 0014 53

Estimated number of samples = [(Z, + Z;)/DF + 05 Z.> (EPA, 1989a)

Confidence () = 80%

Power (B) = 95%

Z, = Percentile for standard normal distribution such that P(Z=>Z )=«
y = Percentile for standard normal distribution such that P(Z>Z;)=8
MDRD = 20% (Mimimum Detectable Relative Difference)

D = MDRD/CV

cv = Mean/Standard Deviation

* Outlier values of 0 77, 0 24, and 0 15 were eliminated from the filtered "background”
data set to estimate the number of samples to charactenize background plutonium
population
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data set after removal of outhers was 37 For comparative purposes, sample size estimates
based on the Lawton (1989) study are also 1illustrated 1n Table 4-2 The estimated sample size
required to characterize the *?°Py population based on the Lawton data 1s 53 Because 1t was
unclear as to the extent of influence of 2**%Pu contamination as a result of RFP activities,
remote sampling locations are recommended 1n order to be conservative 1n the sampling design
approach for the fallout group Approximately 50 remote sample locations should be randomly
chosen to address the issue of RFP influence and further characterize orographic and
precipitation effects with respect to 2%2°Pu deposition along similar Front Range physical
settings

4.3.2.2 Metals Group

As shown 1n Table 4-1, the objective of the EDA for metals and naturally occurring radionuchde
metals 1s to (1) assess the areal extent of metal contamination as a result of RFP activities, (2)
evaluate the relationship of soil type and geologic parent matenal to metal concentrations, (3)
assess the suitability of the Rock Creek data set as background, and (4) provide a rationale for
the placement of background samphng locations, 1f necessary

For metals, the potential for windborne contamination of surface soils 1s less clear The Task
6 report (ChemRisk, 1993) lists arsenic (As), beryllium (Be), cadmium (Cd), chromium (Cr),
lead (Pb), mercury (Hg), and mickel (N1) as being potential contaminants as a result of RFP
activiites Beryllium, however, 1s the only metal histed as a potential windborne contaminant
resulting from general RFP activities Therefore, the EDA for metals focuses on beryllium 1n
surface soils but also includes the above mentioned metals In addition to these seven metals,
the EDA also explores Li, selentum (Se), 2°U and #*U  Table 4-3 lists the rationale for
considering these metals in the EDA

The EDA for Be 1n surface soils considers describing 1ts spatial relationship to RFP based on
the proximuty to the center of RFP industnal area (Step 1 of the EDA) Figure 4-12 1llustrates
the orientation and location of the sectors used to sort the Be data Figure 4-13 shows Be versus
distance and the median smoothing For comparative purposes, Figure 4-13 shows the maximum

P \EGG-RFP\Area8\859\Sec-4b.BKG (October 4, 1994)
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TABLE 4-3

METALS CONSIDERED IN EXPLORATORY DATA ANALYSIS

REASON FOR CONSIDERATION IN EXPLORATORY DATA

METAL ANALYSIS
Beryllium ¢ Possible windborne contaminant as a result of RFP activities
Lithium (ChemRusk, 1993)
Arsenic
Cadmium
Sgargmlum e Possible contaminant as a result of RFP activities (ChemRusk, 1993)
Mercury
Nickel
Selenium ¢ Toxicity
235 e Naturally occurring metal/radionuchde

Uramum o P
283 ossible windborne contaminant

ranium

e Possible contaminant as a result of RFP activities (ChemRusk, 1993)
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and mimmum Be ranges from Shacklette and Boerngen (1984), in each sector The median
smooth curve reveals no discernable correlation of Be with distance from the center of RFP

Appendix C contains box-and-whisker plots of the Be data by sector Consistent with the
preceding plutonium analysis, 1t would be expected that the downwind sectors (1, 7, and 8)
would contain elevated levels of Be in surface soils if 1t was a windborne contaminant
However, these plots indicate a consistent range of Be concentrations, 1n each sector, with the
exception of a single outher Therefore, there 1s no evidence to suggest that Be is a windborne
contaminant and that the Rock Creek drainage has been affected by RFP activities for Be  Box-
and-whisker plots of metal concentration by sector, for the remaining metals, are also presented
m Appendix C

Step 2 was performed on the Be to evaluate the potential vaniability of Be between soil types

Box-and-whisker plots, organized according to the major soil types are also presented 1n
Appendix C In general, each metal 1s grouped by study and by soil type For simplicity 1n
observing the metals data, each metal was also grouped first by soil type and then by study

This analysis did not reveal a significant difference between soil types for the metals analyzed

For each metal, significant vanations 1n concentration ranges can be explained by a comparison
between studies (1 e , a particular OU contributed the larger metals concentrations) Thus, based
on available data, stratification of background sampling by soil type did not appear as a necessity
for characterization of background surface soil

Naturally occurring 2*U and **U were also analyzed similarly to the metals analysis The
spatial analyses for the U 1sotopes, however, was performed relative to proximaty to the 903 Pad
(Step 1 of EDA) Figure 4-10 1llustrates the onientation and location of the sectors used to sort
the 2°U and **U data Figure 4-14 shows **U versus distance and median smoothing For
comparative purposes, Figure 4-14 shows the #*U range from literature compiled from Colorado
locations, for each sector No correlation was found in the 2*U data and 1s subsequently not
presented Sector 3 contains the 2*U data for the Rock Creek data set It 1s clear from these
plots that a relationship of distance from the 903 Pad exists with the Z*U  Unlike #*%°Py,
however, the downwind 2*U activities quickly drop and level-off well within the 2*U range

P+\EGG-RFP\AreaB8\859\Sec-4b BKG (October &4, 1994)
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compiled from literature Data from sector 3 also are consistently within the lhiterature range
with the exception of two points proximal to the 903 Pad These two points are not, however,
part of the Rock Creek data set Sector 4 shows elevated 2*U activities which correspond to
OUS5 Thus, the EDA reveals no evidence that suggest the Rock Creek drainage has been
affected by RFP activities for naturally occurring Step 2 was performed on the naturally
occurring U data to evaluate the potential variability between soil types Step 2 of the EDA
presents U and *U data 1n box-and whisker plots relative to study and soil type (see Appendix
C) Examination of these plots reveal elevated activities in OUS5 and no significant correlation
to soil type Thus, based on available data, stratification of background sampling by soil type
does not appear as a necessity for characternization of background surface soil

Since the metals EDA suggests that there 1s no evidence indicating that the Rock Creek data
have been affected by RFP activities, the Rock Creek data are considered representative of
background conditions at RFP (Step S) A variogram analysis was performed on these data
(Step 6) and revealed no spatial correlation structure

For step 7 of the EDA, the Rock Creek data were used to estimate the number of samples
required to characterize background metals Summary statistics were calculated from these data
and applied to standard sample size estimate equations (EPA, 1989a) Table 4-4 contains the
information for estimating the sample size, including typical confidence and power for the
estimates Eleven of the 12 metals analyzed indicate a maximum 14 samples necessary for
charactenzing the background population The Rock Creek data set has 18 data points for
metals, therefore, this analysis would indicate that the Rock Creek data set 1s sufficient
However, U requires 33 samples to charactenize background It should be noted that a single
outher (0 12 pCi/g), determined from a visual inspection of box-and-whisker plots, was
ehmmated from the »°U data set The Rock Creek data contains 16 2*U sample locations
Therefore, a mmmum of 17 additional samples randomly located in similar pedogenic and
geomorphic conditions to those found at the OUs on-site should be collected

P \EGG-RFP\AreaB8\859\Sec-4b BKG (October 4, 1994)
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TABLE 4-4
BACKGROUND METALS SAMPLE SIZE ESTIMATES

Cv ESTIMATED NUMBER

METAL (%) OF SAMPLES

Arsenic 31 12
Beryllium 26 8
Cadmium 35 14
Chromium 18 5
Lead 16
Lithium 21
Mercury 33 13
Nickel 29 10
Selenium 31 11

. |
|

. D24 ranium 14 4
!

B5Uranium 54 33*

| 28 ranium 16 4

Maximum Estimated Samples = 33
Additional Samples Required = 17°

Estimated number of samples = [(Z, + Z)/DF + 05 Z_? (EPA, 1989a)

80%

90%

Percentile for standard normal distribution such that
P(Z=2Z )=«

Percentile for standard normal distribution such that
P(Z=Z,)=8

20% (Mimmimum Detectable Relative Difference)

MDRD/CV

Mean/Standard Deviation

Confidence (o)
Power (B)
Z

nmnn

o

Zy

MDRD
D
cv

' Outlier value of 0 12 eliminated from Rock Creek data set to estimate the
number of samples characterize background U-235 population

b Value obtained by subtracting number of Rock Creek samples from estimated
number (33 - 16 = 17)




ENVIRONMENTAL RESTORATION PROGRAM Manual Number RFP/ERM-94-00022
Background Soils Charactenization Section 4 0 Data Quality Objectives, Rev 0
Work Plan FY94 Page 43 of 46

4.3.2.3 Organics Group

The infrequency of detection for organic compounds precluded any meaningful EDA or
statistical analysis to provide a rationale for the location and number of background organic
samples to collect As indicated in Section 3, Previous Investigations, the purpose of evaluating
the site-specific studies with respect to the organic chemical data was to examine background
concentration ranges for future RCRA/CERCLA decision-making Most of the chemicals
detected appear to be associated with non-point source contamination PAHSs, phthalate esters,
and pesticides are charactenistic of anthropogenic background and their concentration ranges are
dependent upon the land use in the area This information was considered when developing a
sampling design

As previously discussed, a detailed EDA was not appropniate for organic compounds due to the
small number of detects in the Rock Creek data set and across the site  Therefore, to
supplement the Rock Creek data for organics, the metals sample locations which were randomly
selected will also be analyzed for organics

4.3.2.4 Soil Profile Group

The pnmary objective of the soil profile sampling 1s to provide baseline soils characterization
of natural soils similar to those found 1n affected areas at RFP Similar characterizations at
other DOE facilities (Oak Ridge, Hanford, Savannah River Site) have generally employed a
limited number of sampling locations for each of the major soil groups In order to provide
cost-effective, useful baseline soil characterization data, the BSCP will collect samples from
approximately 15 to 20 backhoe excavated soil pits from the soil-landscape-geologic associations
discussed 1n Section 2 6 5

4.3.3 Summary of Exploratory Data Analysis and Sample Design Recommendations

This section presents a summary of the EDA for the analyte groups and the recommendations
for sampling designs based on these results

P \EGG-RFP\Area8\859\Sec-4b BKG (October 4, 1994)
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4.3.3.1 Fallout Group Sampling

From the EDA 1t was shown that a remote sampling design 1s appropniate for charactenzing
background fallout radionuclhides in surface soills  Table 4-5 lists the sample design
recommendations Approximately, SO remote sampling locations are recommended In addition
to being remote to RFP, these areas control for

e  Precipitation similar to RFP area [approximately 38 to 41 cm (15 to 16 1n) per year]
¢ Land use (undisturbed grassland)

Section 5 0 discusses the sampling plan and analyte Iist for the fallout group 1n detail
4.3.3.2 Metals and Organics Group Sampling

As discussed 1n Section 4 3 2 3, the metals and organics sampling activity has been combined

For metals, the EDA (Section 4 1 2) did not indicate that the Rock Creek data had been affected
by RFP activites Therefore, a sample design in the vicimity of the Rock Creek data set 1s
recommended The metals EDA also showed no indication for stratification by soil type

However, 1t 1s recommended to locate additional background samples 1in similar pedogenic and
geomorphic conditions to those found at the OUs on-site  Simular surface deposits and soil types
are found on three representative landforms pediments, valley slopes, and drainage bottoms

The Rock Creek data set has located nine samples on south aspect valley slopes, three on the
pediment shoulder, and six on the pediment surface Approximately 20 samples, 1n addition to
the Rock Creek data set, was estimated to be adequate In order to represent the previously
mentioned strata, six samples shall be randomly located in the drainage bottoms, seven on the
pediment surface, and seven on the valley slopes Table 4-5 contains the recommendations for
the metals sample design

P \EGG-RFP\Area8\859\Sec-4b BKG (October 4, 1994)
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To supplement the Rock Creek data for organics, the metals sample locations will also be
analyzed for organics Table 4-5 contains the recommendations for the organics sample design
Section 5 discusses the sampling plan for metals and organics in more detail Section 5 also lists
the metals and organics that will be analyzed

4.3.3.3 Soil Profile Group Sampling

Precedent for a soil profile sampling technique has been established 1n studies directed by M

I Litaor for OU1, OU2, OU3, and OUG6 regarding so1l pedogenesis and vertical distribution of
actimdes 1n soil, and 1s outlined in EMD-OP Volume III GT 07 This sampling technique 1s
generally consistent with USDA-SCS soil profile description techniques and shall meet the
requirements for meeting the objectives for the soil profile data type Design recommendations
for soil profile sampling are a combination of judgmental and stratified random samphing These
designs are recommended to utilize professional judgment for selecting representative soil
taxonomic families and ecological map umits In general, the soil profile sampling will be
located on-site, upwind and upgradient of industnial area of RFP Section 5 discusses the soil
profile sampling 1n more detail

P \EGG-RFP\Area8\859\Sec-4b BKG (October 4, 1994)
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5.0 FIELD SAMPLING PLAN
The sampling design presented 1n this section 1s composed of three soil sampling activities

e Fallout group surface soil sampling \
e Metals and organic groups surface soil sampling
e Soil profile sampling

Each activity 1s described 1n Subsections 5 1, 5 2, and 5 3 Field quality control samples are
discussed 1n Section 5 4 Table 5-1 identifies the Environmental Management Division (EMD)
Operating Procedures (OPs) to be used duning implementation of the BSCP field program
Tables 5-2, 5-3, and 5-4 list the analytes for samples collected for each sampling activity

5.1 FALLOUT GROUP SURFACE SOIL SAMPLING

This section presents the field sampling plan for surface soil fallout radionuchdes This section
includes the following elements

e Selection of sampling locations
e Sampling method

5.1.1 Selection of Sampling Locations

This sampling activity was designed to characterize the background concentrations in surface
soils for radionuchdes generated by fallout The specific radionuchdes of interest include
29240py  21Am  YCs, and **°Sr Based on the conceptual model and the exploratory data
analysis (Section 4 0), the identification of potential sampling locations 1s conditional to the
following location critenia

P \EGG-RFP\Area8\859\wptext\Sec-5 BKG (October 4, 1994)
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TABLE 5-2

ANALYTE LIST FOR FALLOUT GROUP

Fallout Group

Fallout Radionuclides

21 Americium
3Cesium
239/240pytonium

89/%0Gtrontium

Physical Parameters

Bulk Density
Particle Size Distribution

—
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TABLE §-3
ANALYTE LIST FOR METALS AND ORGANICS GROUP
METALS GROUP
Target Analyte List (Metals)
Aluminum Chromium Manganese Strontium*
Antimony Cobalt Mercury Thallium
Arsenic Copper Molybdenum* Tin*
Banum Cyamide Nickel Vanadium
Berylhum Iron Potassium Zinc
Cadmum Lead Selenium
Calcium Lithium* Silver
Cesium* Magnesium Sodium
Naturally Occurning Radionuchides Metals
B34 ranium 8Uranum 2Radium
BSUramum 26Radium
Chemical Parameters/Physical Properties
Ammonia O1l and Grease pH Bulk Density
Nitrate/Nitrite Carbonate Specific Conductance Particle Size
Distribution
Total Organic Carbon
ORGANICS GROUP
| Target Compound List (Semuvolatiles)
Phenol bis(2- Acenaphthene Fluoranthene
Chloroethoxy)methane
bis(2-Chloroethyl)ether  2,4-Dichlorophenol 2,4-Dunutrophenol Pyrene
2-Chlorophenol 1,2,4-Tnchlorobenzene 4-Nitrophenol Butylbenzylphthalate
1,3-Dichlorobenzene Naphthalene Dibenzofuran 3,3-
Dichlorobenzidine
1,4-Dichlorobenzene 4-Chloroaniline 2,4-Dinitrotoluene Benzo(a)anthacene
Benzyl alcohol Hexachlorobutadiene Diethylphthalate Chrysene
1,2-Dichlorobenzene 4-Chloro-3-methylphenol 4-Chlorophenyl-phenyl bis(2-
(para-chloro-meta-cresol) ether Ethylhexyl)phthalate
2-Methylphenol 2-Methyinaphthalene Fluorene Di-n-octylphthalate
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TABLE 5-3 (CONCLUDED)

ANALYTE LIST FOR METALS AND ORGANICS GROUP

Semuvolatiles (Concluded)

bis(2- Hexachlorocyclopentadiene  4-Nitroamiline Benzo(b)fluoranthene

Chloroisopropyl)ether

4-Methylphenol 2,4,6-Tnchlorophenol 4,6-Dimtro-2- Benzo(k)fluoranthene
methylphenol

N-Nitroso-di-n- 2,4,5-Trichlorophenol N-mitrosodiphenylamine Benzo(a)pyrene

propylamine

Hexachloroethane 2-Chloronapthalene 4,-Bromophenyl- Indeno(1,2,3-
phenylether cd)pyrene

Nitrobenzene 2-Nitroaniline Hexachlorobenzene Dibenz(a,h)anthracene

Isophorone Dimethylphthalate Pentachlorophenol Benzo(g,h,1)perylene

2-Nitrophenol Acenaphthylene Phenanthrene

2,4-Dimethylphenol 2,6-Dinitrotoluene Anthracene

Benzoic acid 3-Nitroaniline Di-n-butylphthalate

|l Target Compound List (Pesticades and PCBs)

alpha-BHC Endosulfan 1 Methoxychlor
beta-BHC Dieldrn Endrnn Ketone
delta-BHC 4,4’-DDE alpha-Chlordane
gamma-BHC Endosulfan II gamma-Chlordane
(Lindane)

Heptachlor 4,4-DDD Toxaphene
Aldrn Endosulfan Sulfate AROCLOR-1016
Heptachlor Epoxide 4,4’-DDT _

AROCLOR-1232
AROCLOR-1242
AROCLOR-1248
AROCLOR-1254

AROCLOR-1260

AROCLOR-1221

* Non-TAL metals
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TABLE 5-4

ANALYTE LIST FOR SOIL PROFILE SAMPLING ACTIVITY

SOIL PROFILE GROUP

Target Analyte List (Metals) in Genetic Horizon

Descniptions

Soil Honzon Major Exchangeables

Descriptions

Bulk Soil Density Clay Mineralogy

Particle Si1ze Calcium Carbonate

Dastribution
Specific Surface Sesquioxides

Specific Conductance

Aluminum Cesium* Magnesium Silver
Antimony Chromuum Manganese, Total Sodium
Arsenic Cobalt Mercury Strontium*
Banum Copper Molybdenum* Thallium
Beryllium Iron, Total Nickel Tm*
Cadmium Lead Potassium Vanadium
Calcium Lithrum* Selenium Zinc
Naturally Occuring Radionuchde Metals 1n Genetic Horzon

23.34Urantum Z8Uramum ZSUranmium 26Radium
ZRadium

Physical/Chemcal Parameters in Genetic Hor1zon

Soil Profile Cation Exchange Capacity = Moisture Content Ammonia

% Solids

Nutnients

Microorgamisms

Carbonate
pH

Total Organic Carbon

Actimdes i Depth Increments

X Amencium ZI0Plytonium

T e—

* Non-TAL metals
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Remote to RFP

East of the Rocky Mountain Front Range

Precipitation stmilar to RFP (approximately 15 to 16 inches per year)

Undisturbed or least disturbed areas similar to rangeland areas at RFP

Land access

e Mmnmal external influence (1 € , activities that would render an area not typical of
background)

Eight eligible sampling areas have been 1dentified and the sites visited along a belt east of the
Front Range of Colorado from approximately Fort Collins to Colorado Springs Besides meeting
the location critenia, the eligible areas are owned by public agencies that have preliminanly
approved access to the properties The task of identifying sampling locations 1s ongoing at the
time of publication of this draft work plan The cross-hatch in Figure 5-1 1llustrates the region
that has the potential of satisfying the eligible location critenna  Final sampling locations within
each selected sampling area will be dependent on the following

¢ Final permission to access the sampling areas
¢ Random selection of samples 1n each area

* Professional judgment to ensure the sample locations are 1n undisturbed soils or least
disturbed soils If the site has been physically disturbed, another location will be
selected and the procedure repeated

5.1.2 Sampling Method

Surface soil sample points will be located 1n accordance with sampling plot layout procedures
in GT 08 Surface Soil Sampling  After samples are collected within a samphing plot, the
southwest corner of the plot will be surveyed using a global positioning system (GPS) method
or standard land surveying techmques if GPS surveying cannot be performed The GPS
surveying procedure 1s outlined in GT 27, GT 28, and GT 29 The land surveying procedure
1s outhined in GT 17 Sample location will be sketched on a field map before leaving the field

P \EGG-RFP\Area8\859\wptext\Sec-5 BKG (October 4, 1994)
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Five 2,500 cubic centimeter (cm®) [150 cubic inches (1n*)] samples will be collected from a one-
meter-square (m?) [10 76-foot-square (ft?)] area and composited following the RF soil sampling
method (EG&G EMD OP GT 08) The RF method (Figure 5-2) employs a 10 by 10 by 5 cm
(3 9 by 3 9 by two 1n) deep jig driven 1nto the soil  Soil samples are removed from the interior
of the g with a stainless steel scoop and placed 1n a stainless steel pan Five samples are
collected by this method from within a one-meter-square template, one from each interior
corner, and one from the center of the template. These five samples are first sieved through a
10-mesh metal sieve, placed 1n a stainless steel bowl, and mixed A composited sample 1s
placed into a sample container which has been labeled according to procedure FO 13,
Containenization, Preserving, Handling, and Shipping of Soil and Water Samples  Sample
containerization and holding time requirements are summarized in Table 5-5

This process 1s described 1in FO 09 The sieve, jig, trowel, and pan will then be decontaminated
prior to collecing the next sample by following procedure FO 3, General Equipment
Decontamination  Field documents will be completed 1n accordance with FO 02 and field data
will be managed per procedure FO 14, Field Data Management Samples will be analyzed for
the analytes 1dentified in Table 5-2

5.2 METALS AND ORGANIC GROUPS SURFACE SOIL SAMPLING

This section presents the field sampling plan for metals (including U and Ra) and organic
compounds This section includes the following elements

e Selection of sampling locations
e Sampling method

5.2.1 Selection of Sampling Locations

This sampling activity was designed to characterize the background concentrations 1n surface soil
for the following

P \EGG-RFP\Aread\85%9\wptext\Sec-5 BKG (October 4, 1994)
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TABLE 5-§

SAMPLE CONTAINERS AND HOLDING TIMES FOR SOIL SAMPLES

HOLDING TIME
PARAMETER CONTAINER (DAYS)
TAL metals plus Cs, L1, | 1 x 250 ml wide- 180!
Mo, Sn, Sr mouth glass jar

TCL semivolatiles,

1 x 250 m! wide-

7 until extraction,

size distribution

pesticides, and PCBs mouth Teflon-lined | 40 after extraction
jar

Fallout and naturally 1 x 11 wide-mouth | 180

occurnng radionuclides glass jar

TOC, anions, pH, 1 x 250 ml wide- 28

specific conductance and | mouth glass jar

o1l and grease

Bulk density and particle | 1 gallon plastic jug | None

! Holding time for mercury 1s 28 days
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® TAL metals and Cs, L1, Mo, Sr, and Sn
PY 233/234U, 235U, 238U’ 226Ra, and 228Ra

® Organic compounds including base-neutral extractable semivolatile compounds,
pesticides, and PCB compounds

As discussed 1n Section 4 3, the EDA 1ndicates that the Rock Creek data set 1s located in a
background area with respect to these analytes and that the concentrations are within published
values (notwithstanding vanability with respect to non-point-source pollution) Therefore, this
sampling effort 1s intended to augment the Rock Creek data set for those analytes Additionally,
soil data collected for this activity will include other soil parameters including ammonia,
nitrate/nitrite, o1l and grease, specific conductance, carbonate, pH, total organic carbon, particle
size, and bulk soil density These other surface soil parameters are intended to be used for
modeling and water quality parameters consistent with data collected for the Rock Creek data
set and other OU so1l samplhing efforts

Based on the conceptual model and the EDA, the 1dentification of potential sampling locations
are conditional to the following factors

e Soil type and geologic parent material
e Land use
¢ Land access

Undisturbed areas north of RFP 1n the selected sampling area in Boulder County that are
representative of soils and parent matenals similar to those found at RFP have been chosen for
sampling Preliminary approval for access has been indicated by the Boulder County Open
Space Department Although the EDA 1ndicates that metals and uranium 1sotopes at RFP are
not significantly dependent on soil type 1n the surface soil, this sampling activity will utilize a
stratified random sampling design to be conservative 1n 1ts approach Boulder County soils were
not mapped according to the same soil map-umt design as the RFP site soils However, the

P \EGG-RFP\Area8\859\wptext\Sec-5 BKG (October 4, 1994)
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geologic map-units and landforms in the selected area in Boulder County are similar to RFP
geologic map-units and landforms Since there 1s a correlation between soil map-units at the
subgroup level and geologic map-units and landforms at RFP, this same correlation should exist
in the selected sampling area 1n Boulder County Accordingly, the metals and orgamic groups
sampling activity will be stratified according to geologic map-units and landforms in the selected
sampling area north of RFP

Figure 5-3 shows the location of the proposed sampling sites The samples will be analyzed for
the analytes listed on Table 5-3 Final samphng locations will be dependent on the following

¢ Final permission to access individual sample sites
¢ Professional judgment to ensure the sample locations are in undisturbed soils If the
site has been physically disturbed, another location will be randomly selected 1n the
same so1l type and geology, and the procedure repeated
5.2.2 Sampling Method
The sampling methodology, surveying sample locations, equipment decontamination, sample
handling, and documentation requirements that will be employed are similar to those described
in Section 5.1 2

5.3 SOIL PROFILE SAMPLING

Thus section presents the field sampling plan for soil profile sampling This section includes the
following elements

e Selection of sampling locations
e Sampling method

P \EGG-RFP\Area8\859\wptext\Sec-5 BKG (October 4, 1994)
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5.3.1 Selection of Sampling Locations

The purpose of the soil profile sampling 1s to collect baseline soils profile data in undisturbed
or least disturbed soils The objectives of soil profile sampling are

e to provide data to assess the distribution of actinides with depth 1n soils west of the
RFP 1ndustrial area and upwind from the former storage site (903 Pad)

e to provide data regarding selected physicochemical attributes and pedological
processes that may govern the fate and transport of contaminants 1n soils upwind and
upstream from RFP

The so1l pits will be excavated 1n undisturbed or least disturbed sites Approximate sampling
locations have been selected in the northwest buffer zone to select areas that have mimmum
potential effects from contaminants spread east and southeast by prevailing winds from the 903
Pad and the industnal area and by surface or groundwater flow from RFP contaminant sources

Selection of sample sites 1s intended to represent most major soil groups discussed 1n Section 2 0
of the workplan and are tabulated in Table 2-1 As discussed 1n Section 2 0, each soil group
whose member soils share similar soil classifications occurs on particular landforms as a result
of a complex relationship among such factors as geologic parent matenial, slope position,
chmate, and natural vegetation As a result of this complex relationship, sampling design for
choosing so1l profile locations 1s a design based on professional judgment

In order to best represent the mayor soil groups, the sampling design will be based on the catena
concept A catena 1s a group of geographically associated soils having properties related to the
gradient of a slope as well as to the position of the soil on the slope (Soil Survey Staff, 1985)

Souls across a catena influence each other 1n their development, especially on hilly terrain where
water movement interconnects the soils as at RFP (Litaor, 1992). To address the differing soil
properties along a catena, the sampling plan will include the sampling of soil pits located on the
pediment surface, the upper slope, midslope, and toeslope of portions of the Rock Creek

P \EGG-RFP\Area8\859\wptext\Sec-5 BKG (October 4, 1994)
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drainage (Figure 5-4) Three catenas will be located across sections of Rock Creek in the
northwest buffer zone Approximate locations are shown 1n Figure 5-5 The final location of
the soil pits will be established 1n the field using aenal photographs, soil and topographic maps,
and professional judgment

5.3.2 Sampling Method

Sampling the soil profiles for characterization of radionuchide content and distribution 1nvolves
the following special considerations

* The potential for cross-contamination due to the introduction of surface matenals into
subsurface horizons

e The collection of sufficient material for representative actinide activities and other
soll parameters

® The selection of a realistic sampling design that considers the high cost of actinide
analyses and provides sufficient information regarding the vertical distribution of
actimdes 1n the soil profile

In Iight of these considerations, a special sampling method will be employed as outlined 1n
EG&G EMD OP GT 07, Logging and Samphng of Test Pits, Trenches, and Construction
Excavatiofis This method involves digging a pit, three to five m (9 8 to 16 4 ft) long, one m
(3 3 ft) wide, and one m (3 3 ft) deep The vegetation, at the surface of the pit wall selected for
sampling, will be clipped close to the ground and discarded The surface of the selected wall
will then be thoroughly scraped with a stainless-steel spade to reduce the possibility of cross-
contamination Ten soil samples will be collected per pit according to the following depth
intervals zeroto 3,3t06, 6t09, 9to 12, 12 to 18, 18 to 24, 24 to 36, 36 to 48, 48 to 72, and
72t096cm (zeroto 12,12t024,24t035,35t047,47t071,71t094,94t0142,
142t018 9,18 9t0 28 3,28 3to 37 81n) A bottom-to-top sampling sequence will be adopted
to reduce further the nisk of cross-contamination Each soil sample will be collected from within
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a horizontal cavity dug into the trench face at a selected depth An exception to the three cm
depth intervals will be made for near-surface samples [zero to 12 cm (0 to 4 7 in)], where the
soil may be too friable to permit discrete sampling To sample the top section of the profile,
the sampling will begin at ground level using a knife and spatula to cut an area approximately
25 cm (9 8 1n) long, 20 cm (7 9 1n) wide, and three cm (9 8 1n) deep The entire so1l mass 1n
the this area will be collected including roots and partially decomposed organic material

Sampling will continue 1n this manner for intervals as much as 12 cm (4 7 1n) deep

Sampling for trace elements and for other physical and chemical parameters histed in Table S5-4
will be conducted by obtaining samples from each of the major genetic so1l honzons rather than
by the incremental depth procedure The surface of the selected wall to be sampled will be
scraped as described above to reduce the possibility of cross-contamination After a so1l horizon
has been described and classified according to guidelines established by the Soil Survey Staff
(1984, 1985, 1992), three subsamples - one from the upper third of the horizon, one from the
middle third, and one from the lower third - will be collected from within horizontal cavities dug
mto the trench face in that soil honnzon The subsamples will be mixed and composited to
comprise the sample for that horizon The process will be repeated for each of the major soil
horizons (approximately 2 to 5 per test pit)

All samples will be containenized and labeled according to procedure FO 13, Containerization,
Preserving, Handling, and Shipping of Soil and Water Samples  Sample containerization and
holding-time requirements are summarized 1n Table 5-5. This process 1s described 1n FO 09

The spatula and kmife will then be decontaminated prior to collecting the next sample by
following procedure FO 03, General Equipment Decontamination  Field documents will be
completed 1n accordance with FO 02 and field data will be managed per procedure FO 14, Field
Data Management The backhoe used for excavation will be decontaminated between sites using
procedure FO 04, Heavy Equipment Decontamination Per 94-DMR-001175, decontamination
water will be disposed on the ground surface at least 50 feet from the sampling location such
that the water cannot discharge to any stream, pond, or surface water impoundment
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5.4 FIELD QUALITY CONTROL

Duning the BSCP field investigation, equipment rinsate blanks and field duphcate quality control
(QC) samples will be collected 1n accordance with the RFP ER Program The frequency for the
field QC samples 1s specified in Table 5-6 These samples will be reviewed to evaluate the
quality of the sampling program and to assess sample homogeneity

Equipment nnsate blanks are used to monitor for sample cross-contamination and the
effecuveness of the decontamination process The equipment blanks are collected by nnsing
decontaminated sampling equipment with distilled/detonized water, placing 1t in the appropnate
container, and preserving as required Field blanks are used to monitor for sample
contamination attributable to the sample containers, distilled/deionized water, and preservatives
The field blanks are collected by filling appropnate containers with distilled/deionized water and
preserving as required Field blanks will only be collected and analyzed 1f the equipment blank
results indicate a contamination problem

For soil samples, it 1s necessary to split the homogenized sample into two, duplicate portions
using the same techmique The data from the sample and duplicate will provide a measure of
the sampling precision and sample homogeneity, 1 ¢ the amount of error in the data attributed
to sampling technique or to variability in the analyte concentration 1n the medium being sampled

Precision of the field duphcates 1s quantified by calculating the relative percent difference

(RPD) The RPD 1s the quotient of the difference between the duplicate analytical results and
the average of those results for the given analyte expressed as a percentage

P \EGG-RFP\Area8\859\wptext\Sec-5 BKG (October &4, 1994)
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TABLE $5-6

FIELD QC SAMPLE FREQUENCY

— ———
TOTAL
NUMBER OF
TOTAL SAMPLES
SAMPLE SURFACE QC SAMPLE AND QC
TYPE PARAMETER SAMPLES FREQUENCY SAMPLES
%
Duplicates TCL semuvolatiles,
pesticides, and PCBS 20 120 21
Metals plus Cs, L1, Mo, Sn,
Sr, B¥B4Y BSY, 26Ra, and 20 1/20 21
Z%Ra
TOC, amons, pH, specific
conductance, and o1l and 20 1/20 21
grease
Fallout Radionuclides 50 1/20 53
Bulk density and particie 20 1/20 21
s1ze distribution
Equipment TCL semvolatiles,
Blanks pesticides, and PCBs 20 1/20 21
Metals plus Cs, L1, Mo, Sn,
Sr, B¥B4y, BSY, 25Ra, and 20 1/20 21
2%Ra
TOC, amons, pH, specific,
specific conductance, and o1l 20 1/20 21
and grease
Fallout Radionuchides 50 1/20 53
Field Blanks' | TCL Semuvolatiles,
pesticides, and TCBs 20 1120 2
ls\r:etals plus Cs, L1, Mo, Sn, 20 1120 21

1/20 = One QC sample per twenty samples collected

! Only performed if equipment blank results indicate contamination
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6.0 DATA INTERPRETATION AND REPORTING

This section describes the approach to data interpretation and reporting The approach to
reporting 1s followed by a more detailed description of the statistical methods to be used to
nterpret and characterize background soil chemistry

6.1 OVERALL APPROACH

Because of the demand for a timely completion of the background surface soils characterization,
a draft report of these efforts, the Phase I Report, will be expedited The results of the soil
profile sampling activity will be reported later in the Phase II Report For consistency, the
reports will follow the logic and structure of the Background Geochemical Characterization
Report (EG&G, 1993a), where applicable

6.2 STATISTICAL METHODOLOGIES

This section describes the statistical methods to be used to characterize the background soil
chemistry at RFP, including preliminary data analysis and evaluation of populations Figure 6-1
illustrates the methodology for computing background statistics

6.2.1 Preliminary Data Analysis

Available chemical data will be carefully reviewed 1n a multi-step process to establish a reliable
set of data upon which conclusions can be drawn, and to identify recurnng sampling or
analytical problems that can be corrected in the future Chemical data will be validated upon
receipt from the analytical laboratory The validation critenia and a defimtion of vahdation codes
1s provided 1n Section 7 3 8 These data and validated results will be stored in the RFEDS for
later retrieval and use After the validation background data have been retrieved from RFEDS,
they will undergo evaluation of data usability which includes a review and interpretation of field
quality control data and assessment of DQO achievement Section 7 O discusses data validation
methods and procedures for assessing data usability
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Preliminary data evaluation will follow methods for

® Treatment of duplicates

e Treatment of non-detects

e Evaluation of data distribution
®  Qutlier detection

The treatment of data that will be employed 1n this study, including cntenia for charactenzing
data as a non-detected (ND) value and for data cleanup after a RFEDS download, are discussed
in Appendix D

6.2.1.1 Treatment of Duplicates

Sample duplicates and analytical replicates will be averaged for all analytes prior to estimating
univariate statistics (Figure 6-1) If a detected and non-detected (ND) value comprise a duplicate
pair, one half of the reported detection limit of the ND value will be averaged with the detected
concentration The resulting averaged value will be evaluated as a detected observation
Statistical methods will be evaluated for their sensitivity to this averaging method Appendix
D provides guidance on treatment of duphcate samples, data file consistency checks, and data
cleanup exercises

6.2.1.2 Treatment of Non-detects

Three general techniques can be employed for the replacement of NDs 1n a data set simple
substitution, probability plotting, and maximum lkelihood estimators (MLE:s) Three
substitution techniques are commonly used to replace NDs replacement with one-half the
detection limit, replacement with zero, and replacement with the detection imit  Probability
ploting methods are described in detail 1n Helsel and Cohn (1988) A common MLE 1s
described by Cohen (1961) and Sanford et al (1993)
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Numerous studies, including Sanford et al (1993), Gilhom and Helsel (1986), Helsel and
Gilliom (1986), Helsel and Cohn (1988), Newman and Dixon (1990), Newman et al (1989),
Travis and Land (1990), and Lambert et al (1991), generally consider simple substitution
methods the least robust technique of ND substitution when descriptive statistics are required
from a data set However, this study will evaluate the suitability of each replacement method
1n the data analysis process A discussion of the replacement techmques and the effects of these
replacement techniques on statistical analysis results will be provided in the Phase I Report

As 1llustrated 1n Figure 6-1, 80-percent NDs have been specified as the maximum percentage
of NDs 1n a data set for utiizing replacement techniques This cniterion follows general
guidelines provided by EPA (1992), Sanford et al (1993), and Helsel and Cohn (1988)
Maximum concentration, frequency of detection, and nonparametric tolerance himits will be
reported for analytes with greater than 80-percent NDs

6.2.1.3 Evaluation of Data Distribution

The data distribution of every analyte with less than 80-percent NDs will be evaluated to
facilitate outlier detection and to prepare for later statistical procedures (Figure 6-1) Assessing
the normality of the data set will be done visually with probability plots, stem-and-leaf diagrams,
and box-and-whisker plots Also, statistical tests of the hypothesis that data are from a normal
distnibution will be applied These tests are the Shapiro-Wilk statistic (Shapiro and Wilk, 1965)
and the Lilliefors test (Lilhefors, 1967) If the resulting plots, descriptive statistics and test
statistics indicate that the data may not be normally distributed, the data will be log-transformed
The distnibution of the transformed data will be evaluated in the same manner The distribution
that best fits the data will be used 1n subsequent outher evaluation and statistical tests Where
data do not exhibit a normal or lognormal distribution, nonparametric procedures will be
employed to compare sample populations
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6.2.1.4 Outlier Detection

An outher 1s an extreme observation that does not conform to the pattern established by other
observations and 1s unlikely to be a valid member of the population of interest An outher may
be the result of an incorrectly read, recorded, or transcribed measurement, an incorrect
calculation, an error in documentation (field or laboratory), or an actual environmental
condition

To evaluate the presence of outhers, the following procedure will be apphed

e The data, or logtransform data will be plotted on normal probability plots or box
plots to 1dentify extreme values

¢ The single outher test by Dixon (1953) or ASTM (1975) and descnibed 1n the RCRA
gwdance document (EPA, 1989b) will be applied Multiple outher testing will
follow Rosner (1975)

e The 1dentified outher will be evaluated with respect to the historical data trend and
laboratory conditions such as matrix interference 1n an attempt to identify why the
datum 1s aberrant

e A decision will be made on how to treat the outher If the outher resulted from a
correctable error, the value will be changed, and the correct value will be included
in the data set If an error cannot be 1dentified, the datum may be excluded from
subsequent statistical analysis in the professional judgment of the statistician or
geochemist However, if one or more data points are excluded, the rationale for the
exclusion and effect of the exclusion will be discussed 1n the text of the report
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6.2.2 Evaluation of Populations

This subsection presents the approach and statistical methods that will be used to establish
appropniate populations for background soil chemistry results

The following statistical definitions are 1n used 1n this section

e Observation 1s a measurement on the smallest sampling unit One chemical analysis
or set of analyses 1s an observation Although this observation 1s based on a soil
sample, a soil sample 1s not a statistical term and should not be confused with a
statistical sample

e Sample 1s a small subset of the population taken to represent the larger population
e Population 1s a well-defined set of all possible observations
e Subpopulation 1s a well-defined subset of the population

e Multivanate 1s an adjective indicating that there 1s more than one dependent variable
(analytes 1n the statistical models)

¢ Umvanate 1s an adjective indicating that there 1s only one dependent vanable

One of the most powerful statistical procedures to test the hypothesis that several population
means are equal 1s analysis of variance (ANOVA) Parametric and nonparametric ANOVA will
be used to evaluate the effect of the different soil types on the population for each analyte For
parametric ANOVA to be applicable, the assumptions of normality and equality of vanance must
be met That 1s, populations from which samples are randomly sampled must not only be
normal but must have equal vaniances To assess the "homogeneity of variance," Bartlett’s test
or Levene’s test, as described by Snedecor and Cochran (1980), will be employed
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Nonparametric ANOVA will be performed if the assumptions of normality or homogeneity of
variance are violated A nonparametric ANOVA evaluates differences in the mean rankings of
the data (rather than the raw data or transformations of the raw data) for subsets of the data
defined by levels of a classification factor The nonparametnic test used will be the Wilcoxon
rank-sum test for a comparison of two levels and the Kruskal-Wallis test, an extension of the
Wilcoxon rank-sum test, for comparison of more than two soil types A description of these
nonparametric techniques can be found 1n Gilbert (1987)

Tables 5-2 and 5-3 list the analytes sampled as part of the background surface soil program
Sources of vaniability between soil types will be 1dentified for the metals In general, where
significant differences are 1dentified 1n soil types, separate tables of summary statistics will be
reported for each new group For fallout radionuclides, the data collected at remote sites will
be compared to the Rock Creek data set following the same procedure (without regard to soil
type) as depicted in Figure 6-1

6.3 CALCULATION OF DESCRIPTIVE STATISTICS

Following the evaluation of analyte populations (Figure 6-1), the following procedures will be
applied to calculate descriptive statistics

¢ The maximum and minimum concentrations will be 1dentified

e The percentage of NDs will be calculated

¢ The mean and standard deviation will be estimated

e Parametric tolerance himits with 99 percent confidence and 99 percent of the

background distribution will be computed if the sample distribution 1s normal or
lognormal
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®* Nonparametric tolerance hmits and parametric tolerance limits with 99 percent
confidence and 99 percent of the background distribution will be computed 1f the
sample distribution 1s neither normal or lognormal

The information generated through application of these procedures will be reported 1n summary
statistics tables for each analyte A comparison of descriptive statistics by replacement techmque
will also be presented Information regarding differences between data sets (1 e , so1l types for
metals) will also be reported and tabulated, 1f necessary
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7.0 QUALITY ASSURANCE ADDENDUM

This section consists of the Quality Assurance Addendum (QAA) for the BSCP  This QAA 1s
a supplement to, and must be used in conjunction with, the Rocky Flats Plant Site-Wide Quality
Assurance Project Plan for CERCLA Remedial Invesngation/Feasibility Studies and RCRA
Facility Invesnigations/Corrective Measures Studies Activities (QAP)P), (EG&G, 1990) The
QAA establishes the site-specific Quality Assurance (QA) controls applicable to the investigation
activities described in the BSCP work plan

As discussed 1n previous sections, the BSCP work plan establishes a program for the
characterization of background soil chemistry for RFP Background soil data will provide a
baseline against which RFI/RI soils data may be compared for identifying contamination at RFP
OUs The BSCP work plan was prepared using Guidance for Conducting Remedial
Invesniganions and Feasibility Studies Under CERCLA (EPA, 1988) as a reference for the
document format

For consistency with the QAP)P, this QAA 1s orgamized by the same 19 QA elements contained
therein

7.1 ORGANIZATION AND RESPONSIBILITIES

The overall organization of EG&G, EMD, and divisions involved in ER Program activities are
shown 1n Figures 1-1, 1-2, and 1-3 of Section 1 0 of the QAP;P Individual responsibilities are
also described 1n Section 1 0 of the QAPJP The Project Management structure for the BSCP
1s 1llustrated 1in Figure 7-1 The BSCP project organization 1s 1llustrated in Figure 7-2 Project-
specific roles from EG&G and the subcontractor are discussed 1n the following paragraphs

The EG&G BSCP Project Manager and designated techmical staff are responsible for the

management and technical direction of the project Input to this work plan has been provided
by EG&G and 1nput to the subsequent project documents 1s also anticipated

P \EGG-RFP\Area8\859\WPText\Sec-7 BKG (October 4, 1994)
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Contractor responsibiities for the BSCP include preparation of all project deliverables,
1mplementation of the BSCP work plan, and providing technical support as requested by EG&G
Project Management

7.2 QUALITY ASSURANCE PROGRAM

The QAP)P was wnitten to address QA controls and requirements for implementing IAG-related
activities The content of the QAP;P was driven by DOE Order 5400 1, RFP SOP 5700 6B,
and the IAG DOE 5400 1 and SOP 5700 6B both require a QA program to be implemented
based on Amencan Society of Mechanical Engineers (ASME) NQA-1, Quality Assurance
Requirements for Nuclear Facilines (ASME, 1989) The IAG specifies development of a QAP)P
1n accordance with EPA QAMS-005/80, Intennm Guidelines and Specifications for Preparing
Quality Assurance Project Plans (EPA, 1980) The 18-element format of NQA-1 was selected
as the basis for both the QAP)P and subsequent QAAs with the applicable elements of QAMS-
005/80 1incorporated where appropriate Figure 2-1 of the QAP)P 1llustrates where the 16 QA
elements of QAMS-005/80 are integrated into the QAP)P and also 1nto this QAA Section 2 0
of the QAP)P also identifies other DOE orders and QA requirements documents which the
QAPjP and this QAA respond to

The controls and requirements addressed 1n the QAP;P are applicable to BSCP activities, unless
specified otherwise 1n this QAA  Where sitewide actions are applicable to BSCP activities, the
applicable section of the QAP)P 1s referenced 1n this QAA This QAA addresses additional and
site-specific QA controls and requirements that are applicable to BSCP activities, but may not
have been addressed on a sitewide basis in the QAPJP Many of the QA requirements specific
to BSCP are addressed 1in the BSCP work plan and are referenced in this QAA

7.2.1 Training
This section addresses the project-specific traiming requirements and QA reports to management

The minimum personnel qualification and training requirements that are applicable to EG&G and
subcontractor staff for RFP ER Program activities are addressed in Section 2 0 of the QAPJP

P \EGG-RFP\Area8\859\WPText\Sec-7 BKG (October 4, 1994)
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All EG&G and subcontractor staff working on BSCP investigations will be trained 1n the specific
EMD OPs that are applicable to their assigned tasks Project Managers will be trained by the
EMD and are responsible for training subcontractor staff according to EMD Admmstrative
Procedure 3-21000-ADM-02 01, Personnel Training, using EG&G-furnished lesson plans All
personnel traiming will be documented according to procedure 3-21000-ADM-02 01

For the BSCP, EG&G EMD and subcontractor personnel will be trained 1n the BSCP work plan,
the BSCP Health and Safety Plan (HASP) (in preparation), and the EMD OPs referenced in
Table 5-1 A training matrix (Appendix E) has been prepared by the EG&G BSCP Project
Manager to 1dentify and document the training requirements specific to the BSCP

7.2.2 Quality Assurance Reports to Management

A QA summary report will be prepared annually or at the conclusion of these activities
(whichever 1s more frequent) by the EMD Quality Assurance Project Manager (QAPM) or
designee This report will include a summary of field operations and laboratory inspections,
surveillance, and audits and a report on data verification/validation results.

7.3 DESIGN CONTROL AND CONTROL OF SCIENTIFIC INVESTIGATIONS
This section documents the following with regard to QA

¢ Design control

e DQOs

¢ Field sampling program and sampling procedures
® Analytical procedures

¢ Equipment decontamination

e  Qualty control

¢ Quality assurance monitoring

¢ Data reduction, validation, and reporting

P \EGG-RFP\Area8\859\WPText\Sec-7 BKG (October &4, 1994)
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7.3.1 Design Control

The BSCP work plan describes the investigation activities that will be implemented during the
program Section 1 2 1dentifies the purpose and objectives of the investigations, Sections 5 1,
52, and 5 3 specifies the sampling, analysis, and data generation requirements as well as
1dentifying apphicable EMD OPs that will provide controls for the investigations This section
1dentifies the applicable QA requirements, analytical procedures, and control mechanmisms for
the project As such, the BSCP work plan 1s considered the mnvestigation control plan  After
the BSCP work plan has been approved by EG&G and DOE, any changes or revisions to the
work plan will also by reviewed and approved

7.3.2 Data Quality Objectives

The DQOs for the BSCP investigations are presented in Section 4 0 The DQOs for BSCP were
established 1n accordance with the three-stage process described 1n EPA/540/G-87/003 (OSWER
Diarective 9335 0-7B), Data Quality Objectives for Remedial Response Activities - Development
Process (EPA, 1987), the Interim Final Guidance for Planming for Data Collection in Support
of Environmental Decision Making Using the Data Quality Objectives Process, EPA QA/G-4,
(EPA, 1994), and Appendix A of the QAP)P Identification of data quality needs includes
defining specific mvestigation objectives, i1dentifying data uses, and selecting the types of
samples and data that need to be collected The primary objectives for the BSCP investigation,
specific data needs, data uses, samphing and analysis activities, and DQOs were 1dentified 1n
Section 4 0

P \EGG-RFP\Area8\859\WPText\Sec-7 BKG (October &4, 1994)
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7.3.2.1  Precision, Accuracy, Representativeness, Completeness, and Comparability
(PARCC) Parameters

This section discusses PARCC parameters and analytical data requirements

Data quality 1s typically measured 1n terms of PARCC parameters Precision, accuracy, and
completeness are quantitative measures of data quality, while representativeness and
comparability are qualitative statements that express the degree to which sample data represent
actual conditions and describe the confidence of one data set to another These parameters are
defined 1n Appendix A of the QAPJP and summanized as follows

® Precision 1s a measure of the varnability 1n repeated measurements of the same
sample compared to the average value for all samples Precision objectives for the
analytes listed 1n Table 7-1 are as prescribed 1n the method

® Accuracy measures the bias or source of error in a group of measurements, bias 1s
an indication of the systematic error within an analytical techmique Accuracy
objectives for the analytical data collected for the BSCP will be evaluated according
to the control limits specified in the referenced analytical method and/or in data
vahidation guidelines

* Representativeness expresses the degree to which sample data accurately and
precisely represent the charactenistics of a particular site or population, parameter
vanations at a sampling point, or an environmental condition Representativeness
1s also a qualitative parameter related to the proper design of the sampling and
analysis program As described mn the DQO section (Section 4 0) and outlined 1n
the FSP (Section 5 1, 5 2, and 5 3), sample location selection has been designed to
represent environmental conditions applicable to each analyte group which can be
found 1n the affected areas at RFP Section 4 3 descnibes the rationale used to
promote representativeness in samples collected for the BSCP

P \EGG-RFP\Area8\859\WPText\Sec-7 BKG (October 4, 1994)
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TABLE 7-1

| Target Analyte List - Metals (all umts 1n mg/kg)
Aluminum Table 42° 40
Antimony Table 42° 04
Arsenmic (GFAA) Table 42° 2
Barium Table 42° 40
Beryllium Table 42° 10
Cadmium Table 42° 10
Calcium Table 42° 2000
Chromum Table 42° 20
Cobalt Table 42° 10
Copper Table 42° 50
Iron Table 42° 20
Lead (GFAA) Table 42° 10

| Magnesium Table 42° 2000
Manganese Table 42° 30
Mercury (CVAA) Table 42° 02
Nickel Table 42° 80
Potassium Table 42° 2000
Selenium (GFAA) Table 42° 10
Silver Table 42° 20
Sodium Table 42° 2000
Thallum (GFAA) Table 42° 20
Vanadium Table 42° 10
Zinc Table 42° 40
Cesium Table 43° 200
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TABLE 7-1 (CONTINUED)

ANALYTICAL METHODS AND DETECTION LIMITS
FOR BSCP SOIL AND SOIL PROFILE SAMPLES

{_Target Analyte List - Metals (all units in mg/kg) (Continued)
Lithium Table 43* 20
Molybdenum Table 43* 40
Tin Table 43° 40
Strontium Table 43* 40
Target Compound List - Semivolatiles (all units in pug/kg)
Phenol Table 13° 330
bis(2-Chloroethyl)ether Table 13* 330
2-Chlorophenol Table 13° 330
1,3-Dichlorobenzene Table 13° 330
1,4-Dichlorobenzene Table 13* 330
Benzyl Alcohol Table 13° 330
1,2-Dichlorobenzene Table 13° 330
2-Methylphenol Table 13 330
bis(2-Chloroisopropyl)ether Table 13 330
4-Methylphenol Table 13° 330
N-Nitroso-Dipropylamine Table 13* 330
Hexachloroethane Table 13" 330
Nitrobenzene Table 13 330
Isophorone Table 13° 330
2-Nitrophenol Table 13° 330
2.4-Dimethylphenol Table 13° 330
Benzoic Acid Table 13° 1600
bis(2-Chloroethoxy)methane Table 13® 330
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TABLE 7-1 (CONTINUED)

ANALYTICAL METHODS AND DETECTION LIMITS
FOR BSCP SOIL AND SOIL PROFILE SAMPLES

| Target Compount List - Semuvolatiles (all units in ug/kg) (Continued)
2,4-Dichlorophenol Table 13* 330
1,2.4-Trichlorobenzene Table 13° 330
Naphthalene Table 13* 330
4-Chloroanaline Table 13* 330
Hexachlorobutadiene Table 13* 330
4-Chloro-3-methylphenol Table 13* 330
2-Methylnaphthalene Table 13° 330
Hexachlorocyclopentadiene Table 13* 330
2,4.6-Trichlorophenol Table 13* 330
2.4,5-Trichlorophenol Table 13* 1600
2-Chloronaphthalene Table 13° 330
2-Nitroanaline Table 13 1600
Dimethylphthalate Table 13° 330
Acenaphthalate Table 13* 330
2,6-Dinitrotoluene Table 13 330
3-Nitroanaline Table 13* 1600
Acenaphthene Table 13* 330
2,4-Dinitrophenol Table 13* 1600
4-Nitrophenol Table 13 1600
Dibenzofuran Table 13° 330
2.4-Dinitrotoluene Table 13* 330
Diethylphthalate Table 13° 330
4-Chlorophenol Phenyl ether Table 13° 330
Fluorene Table 13° 330
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TABLE 7-1 (CONTINUED)

ANALYTICAL METHODS AND DETECTION LIMITS
FOR BSCP SOIL AND SOIL PROFILE SAMPLES

—

[

[|_Target Compound List - Semuvolatiles (all units in ug/kg) (Continued)
4-Nitroanaline Table 13* 1600
" 4,6-Dimitro-2-methylphenol Table 13 1600
N-nitrosodiphenylamine Table 13° 330
4-Bromophenyl Phenyl ether Table 13° 330
Hexachlorobenzene Table 13 330
Pentachlorophenol Table 13° 1600
Phenanthrene Table 13° 330
Anthracene Table 13* 330
Di-n-butylphthalate Table 13° 330
Fluoranthene Table 13* 330
Pyrene Table 13° 330
Butyl Benzylphthalate Table 13* 330
3,3’-Dichlorobenzidine Table 13° 660
Benzo(a)anthracene Table 13" 330
Chrysene Table 13° 330
bis(2-ethylhexyl)phthalate Table 13* 330
Di-n-octyl Phthalate Table 13° 330
Benzo(b)fluoranthene Table 13° 330
Benzo(k)fluoranthene Table 13° 330
Benzo(a)pyrene Table 13 330
Indeno(1,2,3-cd)pyrene Table 13° 330
Dibenz(a,h)anthracene Table 13° 330
Benzo(g,h,1)perylene Table 13° 330
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TABLE 7-1 (CONTINUED)

ANALYTICAL METHODS AND DETECTION LIMITS
FOR BSCP SOIL AND SOIL PROFILE SAMPLES

| Target Compound List - Pesticides/PCBs (all units in ug/kg)
alpha-BHC Table 23° 80
beta-BHC Table 23" 80
delta-BHC Table 23" 80
amma-BHC (Lindane) Table 23° 80
Heptachlor Table 23° 80
Aldrn Table 23" 80
Heptachlor Epoxide Table 23" 80
Endosulfan I Table 23" 80
Dieldrin Table 23 16 0
4,4’-DDE Table 23" 16 0
Endrin Table 23 16 0
Endosulfan 11 Table 23° 16 0
4,4’-DDD Table 23" 16 0
Endosulfan Sulfate Table 23" 16 0
4.4’-DDT Table 23 16 0
Methoxychlor Table 23" 800
Endrin Ketone Table 23* 16 0
alpha-Chlordane Table 23° 800
|_gamma-Chlordane Table 23 800
Toxephene Table 23" 160 0
ARQCLOR-1016 Table 23 800
AROCLOR-1221 Table 23 80 0
AROCLOR-1232 Table 23" 800
ARQCLOR-1242 Table 23 800

RFP/ERM-94-00022
7 0 Quality Assurance Addendum, Rev 0
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TABLE 7-1 (CONTINUED)

ANALYTICAL METHODS AND DETECTION LIMITS
FOR BSCP SOIL AND SOIL PROFILE SAMPLES

Target Compound List - Peshicade/PCBs (all umts in ug/kg) (Continued)

AROCLOR-1248 Table 23 800
AROCLOR-1254 Table 23° 160 0
AROCLOR-1260 Table 23° 160 O

Fallout and Naturally Occurrin

Radionuclides! (all units in pCi/ﬁ)
03

Uranium-233/234 efghb:l

Uranium-235 cfghil 015
Uranium-238 efahil 03
Americium-241 e fghiykl 002
Plutonium-239/240 cfehukl 002
Strontium-89/90 efghil 1
Cesium-137 efgh:l 01
Radium-226 cfabil 05
Radium-228 efghil 05
Other Chemical Parameters®/Physical Properties® (units as specified)
Ammonia EPA 350 Series* 0 05 ppm
Carbonate EPA 310 1¢ 10 ppm
Nitrate/mitrite as N EPA 353 1 or 353 2¢ 0 1 ppm
Total Organic Carbon EPA 415 1¢ or ASTM D4129-82 | 1 ppm
O1l and Grease EPA 413 19 or 413 2 5 ppm
Specific Conductance EPA 120 14 1 uS

Soil pH EPA 9045° 01 gH units

Radiochemistry 1s performance based per GRRASP The procedures used by the

laboratory must be derived from one (or more) of the referenced methods

Methods modified to accommodate soil matrx, detection limits may vary

Physical properties testing will be conducted by Iowa State Umiversity and will be
consistent with previous investigations by Litaor (1993b)
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TABLE 7-1 (CONCLUDED)

ANALYTICAL METHODS AND DETECTION LIMITS
FOR BSCP SOIL AND SOIL PROFILE SAMPLES

Per GRRASP U S EPA Contract Laboratory Program Statement of Work for Inorganics Analysis,
Multi-Media, Multi-Concentration, 7/88 (or latest revision)

Per GRRASP U S EPA Contract Laboratory Program Statement of Work for Organics Analysis,
Multi-Media, Multi-Concentration, 2/88 (or latest revision)

Methods are from "Test Methods for Evaluation of Solid Waste, Physical/Chemical Methods," (SW-
846, 3rd Ed ), U S Environmental Protection Agency

Methods for Chemical Analysis of Water and Wastes, EPA-600/4-79-02, March 1983

U S Environmental Protection Agency, 1979, Radiochemical Analytical Procedures for Analysis of
Environmental Samples, Report No EMSL-LY-0539-1, Las Vegas, NV, US Environmental
Protection Agency

U S Environmental Protection Agency, 1976 Interim Radiochemical Methodology for Drinking
Water, Report No EPA-600/4-75-008 Cincinnati U S Environmental Protection Agency

Harley, JH, ed, 1975, ASL Procedures Manual, HASL-300, Washington, D C, U S Energy
Research and Development Administration

"Prescribed Procedures for Measurement of Radioactivity 1n Drinking Water," EPA-600/4-80-032,
August 1980, Environmental Monitoring and Support Laboratory, Office of Research and
Development, U S Environmental Protection Agency, Cincinnati, Ohio 45268

"Methods for Determination of Radioactive Substances in Water and Fluvial Sediments," US G S
Book 5, Chapter AS, 1977

"Acid Dissolution Method for the Analysis of Plutonium 1n Soil,” EPA-600/7-79-081, March 1979,
U S EPA Environmental Monitoring and Support Laboratory, Las Vegas, Nevada, 1979

"Procedures for the Isolation of Alpha Spectrometrically Pure Plutonium, Uranium, and Americium,”
by E H Essington and BJ Drennon, Los Alamos National Laboratory, a private communication

U S EPA, 1987 "Eastern Environmental Radiation Facility Radiochemistry Procedures Manual,”
EPA-520/5-84-006
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* Completeness 1s defined as the percentage of measurements made that are judged to
be valid The target completeness for both field sampling and analytical data for the
BSCP 1n 90 percent

e Comparability 1s a qualitative parameter that expresses the confidence with which
one data set can be compared with another Comparability between historic surface
so1l data sets may be dependent on the sampling method used and the time between
sampling pennods The RF method, which samples surface soils to a depth of five
cm (two 1n), has been used at RFP since 1969 for determining Pu concentrations in
soil, for gathering data for the ongoing environmental monitoring soi1l sampling
program, and for RCRA/CERCLA investigations This method was developed for
the rocky surface in the vicinity of RFP and 1s considered a compromise between
determining total Pu inventories in the soil and providing information for assessing
human health nsk through the inhalation pathway Hence, 1t 1s concluded that the
RF sampling method will meet the comparability goals for this project To achieve
comparability with surface soils data utilizing the RF and pit/trench methods, work
will be performed 1n accordance with approved plans, using standard analytical
protocols, and approved standard EMD OPs for data collechon Consistent units
of measurement will be used for data reporting

The objectives of precision and accuracy are dependent on the analyte of interest, the analytical
method, and the QC that 1s applicable to the method Table 7-1 defines the analytical methods
and the required detection limits for the BSCP samples Achievement of PARCC parameters
will be assessed for BSCP measurement data, as described in the Evaluation of ERM Data for
Usabihity 1n Final Reports, 2-G32-ER-ADM-08 02

P \EGG-RFP\Area8\859\WPText\Sec-7.BKG (October &4, 1994)
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7.3.2.2 Analytical Data

EG&G has established requirements for analytical chemistry services for environmental samples
collected 1n support of the RFP ER Program These requirements are established 1n Parts A and
B of the EG&G Rocky Flats GRRASP The GRRASP requires analyses of EPA’s TCL organics
and TAL metals to be analyzed using EPA Contract Laboratory Program (CLP) methods and
procedures The GRRASP also requires analyses of all non-CLP and radiochemistry parameters
to be modified such that the analyses parallel the QC requirements of CLP-type analyses
Therefore, all organic and inorganic laboratory analytical data should meet the QC needs
equivalent to analytical level IV data Table 7-1 identifies the analytical method, and the
required detection limit for the BSCP samples

Histonical measures of precision and accuracy for TCL volatile and semi-volatile organics and
TAL metals have been established for CLP analyses These historical measures of precision and
accuracy are referenced in Appendix B of the QAP)P and represent the objectives for TCL
organics and TAL metals for the BSCP. Appendix B of the QAP)P also references the precision
and accuracy measures for radionuclides that will be analyzed according to methods specified
1n Part B of the GRRASP These measures represent the objectives that are applicable to the
analysis of radionuchdes for BSCP samples

7.3.3 Field Sampling Program and Sampling Procedures

The field investigation program presented in the Field Sampling Plan (FSP) (Section 5 0)
includes surface soil and soil profile sampling The FSP includes descriptions of the two
programs  The first, chemical characterization of surface soill matenial 1n undisturbed,
unimpacted areas, 1s necessary to support RCRA/CERCLA decisions Sampling will involve
collecting the top five cm (two 1n) of so1l The second sampling effort, chemical and physical
properties characterization of the upper one m (3 3 ft) of soil matenal for each of the major soil
taxonomic groups at RFP, supports site-wide soils characterization studies Soil profile
investigations will be accomphished via pit/trench sampling activities The specific sampling
plan, including sampling locations, numbers of samples to be collected, and applicable EMD

P \EGG-RFP\Area8\859\WPText\Sec-7.BKG (October 4, 1994)
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OPs 1s described 1n Sections 5 1, 52, and 53 The field operating and sampling procedures
that will be used to control field sampling activities are identified on Table 5-1

7.3.4 Analytical Procedures

The analytical program for the BSCP 1s discussed by sampling activity 1n Sections 5 1, 5 2, and
5 3 The analytes of interest and corresponding analytical methods, and the specified required
detection/quantitation limuts are 1dentified in Table 7-1 The analytical methods prescribed are
those that are specified in Parts A and B of the GRRASP These methods are referenced in
Section 3 0 of the QAP)P as well as detailed 1n Appendix B of the QAPjP

7.3.5 Equipment Decontamination

Non-dedicated sampling equipment (1 € , sampling equipment that 1s used at more than one
location) will be decontaminated between sampling locations in accordance with EMD OP
FO 03, General Equipment Decontamination  Other equipment (e g , heavy equipment)
potentially contaminated dunng the pit/trench sampling activities will be decontaminated as
specified in EMD OP FO 04, Heavy Equipment Decontamination

7.3.6 Quality Control

To venfy the quality of field sampling and laboratory analytical procedures, the collection,
preparation, and analysis of QC samples are incorporated into the sampling and analytical
programs

7.3.6.1 Field Quality Control (QC) Samples

This section discusses field QC samples and laboratory QC procedures to support quality
verification

P \EGG-RFP\Area8\859\WPText\Sec-7 BKG (October 4, 1994)
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OPs 15 described 1n Sections S 1,52, and 53 The field operating and sampling procedures
that will be used to control field sampling activities are 1dentified on Table 5-1

7.3.4 Analytical Procedures

The analytical program for the BSCP 1s discussed by sampling activity 1n Sections 5.1, 5.2, and
5 3 The analytes of interest and corresponding analytical methods, and the specified required
detection/quantitation Iimats are 1dentified 1n Table 7-1 The analytical methods prescribed are
those that are specified in Parts A and B of the GRRASP These methods are referenced 1n
Section 3 0 of the QAP)P as well as detailed 1n Appendix B of the QAP)P

7.3.5 Equipment Decontamination

Non-dedicated sampling equipment (1 € , sampling equipment that 1s used at more than one
location) will be decontaminated between sampling locations in accordance with EMD OP
FO 03, General Equipment Decontammnation Other equipment (e g , heavy equipment)

potentially contaminated duning the pit/trench sampling activities will be decontaminated as
specified in EMD OP FO 04, Heavy Equipment Decontamination

7.3.6 Quality Control

To venfy the quality of field samphng and laboratory analytical procedures, the collection,
preparation, and analysis of QC samples are incorporated into the sampling and analytical
programs

7.3.6.1 Field Quality Control (QC) Samples

This section discusses field QC samples and laboratory QC procedures to support quality
venfication

P \EGG-RFP\Area8\859\WPText\Sec-7 BKG (October 4, 1994)
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Field QC samples and collection frequencies for BSCP are discussed in Section 5 4 and
identified 1n Table 5-6 A specific sampling schedule will be prepared by the sampling
subcontractor for approval by the EG&G Laboratory Analysis Task Leader (Figure 7-1) pnor
to sampling Equipment rinsate blanks, which are collected and analyzed to detect cross
contamination of samples due to inadequate equipment decontamination, are considered
acceptable (with no need for data qualification) if the concentration of analytes of interest 1s less
than three times the required detection limit for each analyte as specified in Table 7-1 Field
duplicate samples collected and analyzed to provide an indication of overall sampling and
analytical precision will agree within 35 percent RPD calculated as follows

% RPD = 100(C1 - C2)/(C1 + C2)/2

where

RPD = Relative percent difference

Cl = Concentration of analyte 1n the sample
C2 = Concentration of analyte in the duplicate

7.3.6.2 Laboratory Quality Control Procedures

Laboratory QC procedures are used to provide measures of internal consistency of analytical and
storage procedures  The laboratory contractor will submut wntten Standard Operating
Procedures (SOPs) to the Laboratory Analysis Task Leader for approval The inter-laboratory
SOPs will be consistent with or equivalent to EPA-CLP QC procedures The laboratory SOPs
must cover the following areas 1n sufficient detail and reflect actual operating conditions 1n effect
durning analysis of BSCP samples
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e Sample receipt and log-1n

e Sample storage and securnty

®  Facility securnity

e Sample tracking (from receipt to sample disposition)

e References for sample analysis methods

e Data reduction, verification, and reporting

e Document control (including submitting documents to EG&G)
e Data package assembly (per Section III A of the GRRASP)
* Qualifications of personnel

e  Preparation of standards

e Equipment maintenance and calibration

¢ Instrumentation and equipment list (including purchase and installation dates, model
number, manufacturer, and service contracts, 1f any)

e Instrument detection limits
e  Acceptance cntena for non-CLP analyses

e Laboratory QC checks applicable to each analytical method
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Laboratory QC techniques to ensure consistency and validity of analytical results (including
detecting potential laboratory contamination of samples) include using reagent blanks, field
blanks, internal standard reference maternals, laboratory replicate analysis, and field duphcates

The laboratory analysis contractor will follow the standard evaluation guidelines and QC
procedures, including frequency of QC checks, that are applicable to the analytical method used
as specified 1n Parts A and B of the GRRASP and Section 3 0 of the QAP)P  All data packages
will be forwarded to the Laboratory Analysis Task Leader or delegate (Figure 7-1) for review
and venfication

7.3.7 Quality Assurance Monitoring

To ensure the overall quality of the BSCP activities discussed, field inspections, audits and
surveillance may be conducted If performed, the intervals will be determined by the importance
and complexity of each activity Intervals may also be based on the schedule contained 1n
Section 8.0. Each of the field sampling activities described 1n Sections 5.1, 52, and 5 3
potentially will be monitored by an independent surveillance team at least once during the
sampling process EG&G will conduct audits of the laboratory contractor(s) as specified 1n the
GRRASP, Parts A and B The audits and surveillance, and activity Readiness Reviews are
discussed further 1in the QAP;P

7.3.8 Data Reduction, Validation, and Reporting

Reporting turnaround times, data reduction, data validation, and data reporting requirements are
presented in the following subsections

7.3.8.1 Data Reporting Turnaround Times

Reporting turnaround times for analytical data are as specified 1n Table 3-1 of Section 3 0 of the
QAPJP
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7.3.8.2 Data Reduction

All field data will be recorded on field sampling data sheets and/or logbooks as specified in the
appropriate EMD OP Field data will be controlled according to EMD OP FO 02, Field
Document Control Reduction of laboratory measurements will be 1n accordance with the
methods specified for each analytical method Laboratory data will be compiled 1nto sample data
packages by the laboratory contractor A sample data package will be developed for each
sample delivery group or sample batch, with separate data packages for each type of analysis
(e g , a data package for organics, one for inorganics, and one for radionuchides) The sample
data package will consist of a cover sheet/transmittal letter, a case narratve, data summary
forms, and copies of the data checklists found in Attachments I 1n Parts A and B of the
GRRASP The reduced data will be used 1n the data validation process to venfy that the
laboratory control and the overall system DQOs have been met

7.3.8.3 Data Validation

Validation activities consist of reviewing and venfying field and laboratory data, and evaluating
these venfied data for data quality (1 €, companson of reduced data to DQOs, where
approprniate) The field and laboratory data validation activities and guidelines are described and
referenced 1n Section 3 O of the QAPjP The process for validating the quality of the data 1s
illustrated graphically in Figure 3-1 of Section 3 O of the QAPjP, and 1s also included as part
of the sample collection, chain-of-custody, and analysis process illustrated 1n Figure 8-1 of the
QAP)P The cntena for determining the validity of ER data at RFP are described 1n subsection
3 7 of the QAPJP

The acceptance and review criteria for the following validation standards are specified in the
GRRASP The process for evaluating whether the criteria have been met are described 1n the
validation functional guidelines documents referenced previously The following three levels of
data validity have been established for the ER activities at the RFP
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® Valid - Data meets the following seven objective standards, where applicable

- Analytical methods followed

- Sufficient number and type of QC samples analyzed
- Acceptance critena for QC samples achieved

- Detection hmits achieved

- Compounds and analytes correctly 1dentified

- Equipment/instrument calibration criteria achieved

- Sample holding times met

¢  Acceptable with Qualifications - Data meets most, but not all, objective standards
All pnmary validation critenia are achieved within acceptable Iimits (calibration,
method requirements, compound and analyte 1dentification)

* Rejected - Data fails to meet objective standards or fails to meet pnnmary validation
critena

7.3.8.4 Data Reporting

Depending on the outcome of the data validation process or the status of data validation, data
are coded according to the defimtions in Table 7-2 The results of the data validation will be
reported 1n ER Department Data Assessment Summary reports The usability of data (the
criteria of which are also described 1n subsection 3 7 of Section 3 0 of the QAP)P) will also be
addressed by the BSCP Project Manager
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TABLE 7-2

DATA VALIDATION CODES

INCLUDE IN ]
CODE _DEFINITION _ DATA ANALYSIS?
J Estimated Result ) i Yes
A Acceptable Result Yes
JA Acceptable Result for Estimated Value Yes
R Rejected Result No
v Valid Result Yes
Y Not Yet Validated, Vahidation 1n Progress Yes
z Vahdation Not Required Yes

Note Those data qualified with a "U" but having validation code of "JA" are still non-detects
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The following three levels of data usability are utilized for the ER Program at the RFP
e Data 1s usable for all purposes if all of the following criteria are met

- Data quality 1s classified as valid
- All data quality objectives are achieved
- All specific agreements and/or regulatory requirements are met

e Data 1s considered usable for some purposes if any of the following conditions
occur

- Data quality 1s classified as valid or acceptable with qualifications (Rejected
data may be usable for some very limited purposes such as screening )

- Not all data quality objectives are achieved

- All specific program requirements are not met

e Data may be unusable if any or all of the following conditions are met

- Data quality 1s classified as rejected
- Data quality objectives are not achieved
- Specific program requirements are not met

7.4 PROCUREMENT DOCUMENT CONTROL

Procurement documents for items and services, including contractor services for conducting field
investigations, analytical laboratories, and data validation will be prepared, handled, and
controlled 1n accordance with the requirements and methods specified in Section 4 0 of the
QAPJP Items and services used 1n support of BSCP activities will be procured according to
instructions in EMD Admunistrative Procedure 3-21000-ADM-04 01, Procurement Document
Control
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7.5 INSTRUCTIONS, PROCEDURES, AND DRAWINGS

This work plan describes the activities to be performed 1n the BSCP This plan will be reviewed
and approved 1n accordance with the requirements for instructions, procedures, and drawings
outlined 1n Section 5 0 of the QAP)P

EMD OPS approved for use and their applicability are identified 1n Table 5-1 Any additional
quality-affecting procedures proposed but not identified here will be developed and approved as
required 1n Section 5 0 of the QAP)P pnior to performing the affected activity
Changes and vanances to approved OPs and the BSCP work plan will be documented through
preparation of Document Modification Requests (DMRs), which will be prepared, reviewed, and
approved 1n accordance with requirements specified in Section 5 O of the QAP)P.
7.6 DOCUMENT CONTROL
The following documents will be controlled 1n accordance with Section 6 O of the QAP)P

®  Rocky Flats Plant Background Soils Characternization Program Work Plan

®  Rocky Flats Plant Site-Wide Quality Assurance Project Plan for CERCLA Remedial

Investigation/Feasibility Studies and RCRA Facility Investigations/Corrective

Measures Studies Activities (EG&G, 1990)

e EMD OPs referenced 1n Table 5-1 and any additional procedures not yet identified
that may be required to 1implement BSCP activities
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7.7 CONTROL OF PURCHASED ITEMS AND SERVICES

Contractors that provide services to support the activities described 1n the BSCP work plan will
be selected and evaluated as described 1n Section 7 0 of the QAPJP  This includes pre-award
evaluation/audit of proposed contractors as well as periodic audit of the acceptability of
contractor performance during the life of the contract Any items or materials that are purchased
for use during the BSCP 1nvestigations that have the ability to affect the quality of the data will
be 1nspected upon receipt

7.8 IDENTIFICATION AND CONTROL OF ITEMS, SAMPLES, AND DATA
Ident:ification and control of items, samples, and data includes a discussion of

* sample containers
¢ sample 1dentification
¢ cham-of-custody

7.8.1 Sample Containers

Appropniate volumes, containerization, and holding times for the BSCP soil samples are
presented 1n Table 5-5

7.8.2 Sample Identification

BSCP samples will be labeled and 1dentified 1n accordance with Section 8 0 of the QAP)P and
EMD OP FO 13, Contamenzing, Preserving, Handling, and Shipping of Soil and Water
Samples Samples will have a umque 1dentification code that traces the sample to the source(s)
and 1ndicates the media type, the sequential number for the sample, date of sample collection,
the sampler(s), sampling method, and conditions prevailing at the time of sampling An example
sample number 1s SS00001DM where "SS" indicates the media type 1s surface soil, "00001" 1s
the sequential sample number, and "DM" 1s the subcontractor identification for Dames &
Moore
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7.8.3 Chain-of-Custody

Sample chain-of-custody will be maintained through the application of EMD OP FO 13,
Containenzing, Preserving, Handling, and Shipping of Soil and Water Samples, and as
illustrated 1n Figure 8-1 of the QAP)P for all environmental samples collected during field
investigations

7.9 CONTROL OF PROCESSES

The overall process of collecting samples, performing analysis, and entering the data into a
database 1s a process that requires control The process 1s controlled through a series of wntten
procedures that govern and document the work activites A process diagram 1s shown 1n
Section 8 0 of the QAP;P

7.10 INSPECTION

Inspection of BSCP activities and items (including procured matenals and construction items)
may be 1nspected 1n accordance with the requirements for inspections specified in Section 10 0
of the QAP)P

7.11 TEST CONTROL

The BSCP does not include activities which require test control  Therefore, test control
requirements specified in Section 11 O of the QAP)P are not applicable

7.12 CONTROL OF MEASURING AND TEST EQUIPMENT

Control of Measuring of Test Equipment (M&TE) includes discussion of field and laboratory
equipment for the BSCP
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7.12.1 Field Equipment
At present, field measurements during BSCP sample acquisition are not planned However, 1if
field measurements (1 € , high-purity germanium detector survey, fiddler survey) are performed,
each piece of field equipment required will have a logbook for recording daily source checks and
a file that contains.

e Specific model and instrument serial number

®  Operating 1instructions

¢ Routine preventative maintenance procedures, including a hst of cnitical spare parts
to be provided or available 1n the field

e (Calibration methods, frequency, and description of the calibration solutions
e Standardization procedures (traceability to nationally recognized standards)

This information will, in general, conform to the manufacturer’s recommended operating
mstructions or will explain deviation from the instructions

7.12.2 Laboratory Equipment

Laboratory analyses will be performed by contracted laboratories The equipment used to
analyze environmental samples will be calibrated, maintained, and controlled 1n accordance with
the requirements contained 1n the specific analytical protocols used as specified 1n the GRRASP

Laboratories are required to submit calibration procedures to EG&G for review and approval

Imitial and continuing calibrations data for analytical equipment used will be included 1n the data
packages submutted to EG&G by the laboratories
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7.13 HANDLING, STORAGE, AND SHIPPING

Handling, storage, and shipping include activities relevant to sample packaging, transporting,
and storage These activiies will be conducted 1n accordance with EMD OP FO 13,
Containerizing, Preserving, Handling, and Shipping of Soil and Water Samples Maximum
sample holding times, sample volumes, and sample containers are specified in Table 5-5

7.14 STATUS OF INSPECTION, TEST, AND OPERATIONS

The requirements for the identification of inspection, test, and operating status will be
implemented as specified in Section 14 0 of the QAPJP A log specifying the status of all soil
profile trenches will be maintained by the Field Activites Task Leader

7.15 CONTROL OF NONCONFORMANCES

The requirements for the identification, control, evaluation, and disposition of nonconforming
items, samples, and data will be implemented as specified in Section 15 0 of the QAP)P
Nonconformances 1dentified by the implementing contractor will be submitted to EMD QAPM
for processing as outlined 1n the QAP;P

7.16 CORRECTIVE ACTION

The requirements for the 1dentification, documentation, and venfication of corrective actions for
conditions adverse to quality will be implemented as outlined 1n Section 16 O of the QAP)P

Conditions adverse to quality which are identified by the implementing contractor, will be
documented and submitted to EMD QAPM for processing also as outlined in Section 16 O of the
QAP)P
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7.17 QUALITY ASSURANCE RECORDS

QA records will be controlled in accordance with OPS-FO 02, Field Document Control QA
records to be generated during BSCP activities include, but are not limited to

¢ Field Logs and Data Record Forms (e g , soil sample collectton notebooks/logs)
e (Calibration Records

* Soil Profile (trench) Logs

e Sample Collection and Chain-of-Custody Records
e Laboratory Sample Data Packages

*  Work Plan/Field Sampling Plan

e QAPP/QAA

®  Audit/Surveillance/Inspection Reports

*  Nonconformance Reports

e Corrective Action Documentation

e Data Validation Results

® Data Reports

*  Procurement/Contracting Documentation

*  Traiming/Qualification Records

* Inspection Records

All QA records generated duning the planning, implementation, and closure of the activities for
the BSCP will be submitted to the EMD Custodian for processing according to the EMD QA
records system described 1n Section 17 0 of the QAP;P

7.18 QUALITY VERIFICATION

The requirements for the verification of quality will be implemented as specified 1n Section No
18 of the QAPjP EG&G will conduct audits of the laboratory contractor as specified in the
GRRASP, Parts A and B The EMD QAPM will develop a surveillance schedule with the
survelllance intervals based on the importance and complexity of each sampling/analytical
activity Intervals will also be based on the schedule contained 1n Section 8 0 of this work plan
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Examples of some specific tasks that may be monitored by the surveillance program are as
follows

¢ Pat/trench 1nstallations for soil profile sampling
e  Surface so1l sampling

e Records management

* Data venification, validation, and reporting

Audats of contractors providing field investigation, construction, and analytical support services
will be performed at least annually or once duning the life of the project, whichever 1s more
frequent  Audits are arranged by the EMD QAPM

A Readiness Review will be conducted by the EMD QAPM prior to the implementation of BSCP
field investigation activities The readiness review will determine 1f all activity prerequisites
have been met that are required to begin work The applicable requirements of the QAP)P and
this work plan will be addressed

7.19 SOFTWARE CONTROL

The requirements for the control of software will be implemented as specified in Section 19 0
of the QAPjP Only database software 1s anticipated to be used for the BSCP field sampling
activities Operating procedures applicable to the use of the database storing environmental data
can be found in EMD OP FO 14, Field Data Management It 1s anticipated that the following
commercial or public domain software packages may be used for data analysis
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dBase

Quattro Pro
SPSS

Paradox

Systat

Geo-EAS
Microsoft Excel
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8.0 SCHEDULE

This section presents the schedule for completion of the BSCP Figure 8-1 depicts the bar-chart
schedule The schedule assumes that the work plan 1s approved by all parties by May 15, 1994
Surface soil sampling 1s scheduled to begin :n mid-May and continuing through July, 1994 Soil
profile (test pit) sampling will commence following surface soil sampling, and will end dunng
early October It 1s anticipated that a Phase I report, containing all results of the surface soil
sampling, will be completed during July, 1995 A Phase II report, incorporating the soil profile
results, 1s expected to be completed during early October, 1995
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APPENDIX A

INFORMATION FROM PREVIOUS INVESTIGATIONS

The figures contained in Appendix A depict surface soil sampling locations of relevant Pu
studies, the vanability of U n surface soils, and the on-site surface soil sampling locations for
analytes.

Figure A-1 presents the locations 1n northern New Mexico and southern Colorado sampled by
Purtymun et al (1990) The 1971 and 1974 locations sampled by Hardy (1976) are shown 1n
Figure A-2. Figure A-3 demonstrates Michels’ sampling locations along three transects in the
United States Great Plains McArthur and Maller (1989) collected soil samples throughout the
western United States as 1llustrated in Figure A4 Krey and Hardy (1970) collected soil
samples from 33 sites near RFP as shown in Figure A-5 The eight communities sampled by
Lawton (1989) are presented 1n Figure A-6. Figure A-7 demonstrates the 28 sites where Poet
and Martell (1972) gathered samples. Figure A-8 shows the sample locations in lands adjacent
to RFP that were sampled by Ilisley and Hume (1979) The CDH (Terry, 1991) collected
samples from 18 sectors within a 6 2 km (10 mi) radius of the plant as 1llustrated 1n Figure A-9.
In 1990, Western Technologzes, Inc (1991) collected samples from approximately 478 acres of
land within three gravel lease properties located on the RFP West Buffer Zone (Figure A-10)
The Radioecology Group from Colorado State University collected and analyzed data from five
areas west of the plant designated as Plots GP, NW, FV, WC, and SW shown 1n Figure A-11
A number of samphing studies have been conducted 1n the OUs presented 1n Figure A-12 The
vaniability of U 1n surface soils 1s illustrated 1n Figure A-13. The on-site surface soil locations
for analyte sampling are demonstrated in Figure A-14.
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APPENDIX D

DATA TREATMENT METHODOLOGIES

Appendix D summarizes data treatment methodologies that will be utihized by the BSCP

CLASSIFICATION OF NON-DETECTS

The manner 1s which analytical results are classified as non-detects is dependent upon the analyte
group. The following discusses non-detect classification for radionuchides, organics, and

1NOrganics.

All data for radionuclides should be used as detects, except for rejected data
(Vahidation = R).

For organics, the result qualifier (entered 1n the Qualifier field) should be used
to determine the percentage of non-detects. Non-detects for organic analytes are
generally qualified "U", but other designations may also appear in the result-
qualifier field.

Positive detections (1 e., "hits") of some common laboratory contaminants such
as acetone, methylene chlonde, and certain phthlates may indicate contamination
if detected 1n the associated laboratory blank; such sample results are designated
as a "B" in the Qualfier field EPA guidance for data validation and risk
assessment (EPA, 1989a) indicates that if the concentration of a common lab
contaminant 1n a sample 1s more than 10 times the concentration of the sample
analyte 1n the associated blank, then the sample result 1s taken to be real (1.e., a
"hit"), not attnibutable to laboratory contamination. For other analytes that are
not typically found as laboratory contaminants, EPA gwmdance (EPA, 1989a)
states that 1f the concentration 1n the sample exceeds five times the concentration
1n the associated blank, then the sample result 1s taken to be real, not attributable
to laboratory contamination

For metals and other chemical parameters (1norganics), it may be ineffective to
rely on the result quahfier alone. The following cnitena have been employed to
differentiate detects from non-detects, and are suggested as guidelines for the
data:



- If the Quahfier field contains a *U", the result is used as a non-detect
(1.e., censored data point).

- If the Qualifier field 1s blank and the result 1s greater than the reported
detection limat, the result 1s used as a detected value, barnng evidence to
the contrary.

—_— If the Qualifier field (for inorganics) contains a "B", which indicates that
the result was above the instrument detection himit (IDL) but below the
contract required detection limut (CRDL), the result is used as a detected
value.

- Other characters may also be found in the Qualifier field, and, barning any
other evidence to the contrary, these are generally accepted as detects

All data should be reviewed graphically (non-detects and detects together) prior to the application
of any statistical tests. This helps to illustrate any potential problems, such as high-value non-
detects (e.g., non-detect values reported as the value of the CRDL). If questions arise, EG&G
will give guidance to the subcontractor after jointly reviewing the graphical presentations of the
data.

PERFORMING DATA CLEANUP

"Data cleanup” of RFEDS output 1s a task to make the data consistent. This consists of a tme-
consuming series of steps (which should be documented by the data user) including the
standardization of units, standardization of geologic codes, standardization of locations if the
location designation has changed over time, standardization of analyte names (usage has changed
over the years), deletion of blank "form-generated” records for which no results are given,
exclusion of QC data (ninsates, etc.) from the working data set, removal of any rejected
(Vahidation field = "R") data, replacement of non-validated records with corresponding validated
records (if available), correction of incorrect units (e.g., pH should have "PH" as the unit, not
"MG/L" as the unit), treatment of DUP/REAL pairs, appropriate use of diluted (DIL) results,
outher analyss, etc.

Upon receipt of RFEDS data, the user should venfy the field positions of all vanables in the
RFEDS ASCII output file. After venfication, the ASCII file may be transformed into data fields
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for a specific software (e.g., SAS, Lotus, Excel, SPSS, etc.) to be used 1n the data manipulation.
It 1s recommended that the user create successive generations of the data files rather than just
continually updating the onginal data file; this simphifies data analysis if back-tracking 1s
required for any reason. To create successive generations of data files, the following procedure
may be used.

1 Create original data files from RFEDS ASCII files; these files contain the entire RFEDS
data pull, including QC samples, rejected data, etc.

2 In the second generation of data files, drop QC samples (except DUPs of DUP/REAL
pairs), rejected data, blank form-generated records, tentatively identified compounds

(TICs), etc.

In the RFEDS output format (i.e., for data extracted after February 21, 1994), the
vahidated results, umts, qualifiers, and detection himits will automatically replace the lab
results, units, qualifiers, and detection himits. The validation code field ("Validation")
indicates whether the datum 1s acceptable (Validation = A, V, or JA), or rejected
(Validation = R), or other.

3 Treat results from samples requnng dulution individually. Treatment of DIL data

requires the data analyst to find the analyte(s) that necessitated the dilution; these should
have a qualifier of "E" (for exceedance of calibration range). The DIL results(s) for the
E-qualified analyte(s) should be used in the data analysis; other analytes may have results
reported for the DIL sample analysis, but these resuits should be deleted if these analytes
m the ongmal undiluted sample were NOT qualified as "E".

4 Standardize location names and soil units. Standardization of analyte names and umts

are automatic 1n the RFEDS data output.

5. From the second generation of data fields created in Steps 2, 3, and 4, create a third

generation of data file with averaged DUP/REAL pairs (change REAL value to the mean
value of the averaged DUP/REAL pair, then delete the DUP record). In the case of
DUPs with no corresponding REAL record, change "DUP" to "REAL". (NOTE: Prior
to averaging DUP/REAL pairs, sort the data by LOCATION, SAMPLE NUMBER,
SAMPLE DATA, and ANALYTE This should bring together all exishtng DUP/REAL
pairs).



From the data files created 1n Step 1, create a separate field with QC data for analysis
of data quahty. Check the precision and accuracy parameters including RPD for
DUP/REAL pairs and bias from field or laboratory blanks. Assess completeness by
calculating percent completelness of valid and invalid (vahdation code = R) data point.
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